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P^ftidomimetic Ugands for Cellular Realtors 
and Ion Channels 



Background of the Invasion 

Pain is an unpleasant sensation varying in severity in a local part of the body or 
several parts of the body resulting from injury, disease, or emotional disordo:. Pain can be 
classified according to its duration. Acute pain, which lasts less than one month, usually 
has a readily identifiable cause and signals tissue dam^e. In addition, acute pain 
syndromes can be episodic, for example recurrent discomfort from arthritis. Chronic pain 
can be defined as pain that persists more than one month beyond the usual course of an 
acute illness or tajuty, or pain that recurs at intervals over months or years, or pain that is 
associated with a chronic pathologic process. In contrast to acute pain, chronic pain loses 
its ad^tive biologic fimctioru Dqjression is common, and abnormal illness beihavior often 
compounds the patient's impaitment 

Millions of people suffer fixnn chronic or intractable pain. Persistent pain varies in 
etiology and presentation. la some cases, sym|>toms and signs may be evident within a few 
weeJcs to a few months after the occurrence of an injury or the onset of disease, e.g., cancer 
or AIDS. like many illnesses that at one time were not well understood, pain and its many 
manifestations may be poorly treated and seriously underestimated. In^ropriately treated 
pain seriously conqmuxdses the patient's quality of life, causing emotional suffering and 
increasing the risk of lost livelihood and disrupted social integration. Severe chronic pain 
affects both the pediatric and adult population, and often leads to mood disorders, including 
depression and, in rare cases, suicide. 

In the last several years, health policy-makers, health professionals, regulators, and 
the public have become increasingly interested in the provision of better pain therapies. 
This interest is evidenced, in part, by the U.S. Department of Health and Human Services' 
dissemination of Clinical Practice Guidelines for the management of acute pain and cancer 
pain. There is curraitiy no nationally accepted consensus for the treatment of chronic pain 
not due to cancer, yet the economic and social costs of cfarDnic pain are substantial, with 
estimates rangmg in tiie tens of billions of dollars annually. 
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Differmt classes of drags aie cuirenay available for pain management, nonsteriodal 
anti-inflammatories, opioids, and adjuvant analgesics. The nonsteriodal anti- 
inflammatories class includes drags such as aspirin, ibuprofen, diclofenac, acetaminophen, 
celecoxib, and rofecoxib. The opioid class includes morphine, oxycodone, fentanyl, and 
pentazocioe. Adjuvant analgesics include various antidqnessants, anticonvulsants, 
neuroleptics, corticosteroids and ion duamel-blockiiig stents, such as carbamazq)ine (NTa^ 
and ziconotide (Ca^^. 

Sodium channel-blocking agents have been reported to be effective in the treatment 
of pain and various disease states. Anger et aL J. Med. Oiem. 44(2), 1 15-137 (2001). They 
are particularly usefiil as local anesth^cs, and in the treatment of cardiac anfaythmia. 
Sodium channel blockers have also been used as anticonvulsants and as neuroprotective 
agents for treating stroke and other brain iquries. Recently, sodium dumnel blockers have 
also proven usefiil in flie treatment of timiitus, cormnonly known as ringing of the ear 
(Murai et al. American Journal of Otology, 13(5), 454-464 (1992)). It has also been 
reported for many years that sodium channel-blocking agents may be useful in the treatment 
of pain, including neuropathic pain; see, for example, Tanelian et al.. Pain Forum., 4(2), 75- 
80, (1995). There is evidence that sodium channel-blocking agents selectively sapptess 
ectopic neural firing in injured nerves, and it is by Ms mechanism that they are believed to 
be useful for relieving pain. Studies carried out on well known sodium channel-blocking 
agents, for example caibamazepine, phenytpin, lidocaine, mexiletine, and the like, have 
shown diem to be useful against various types of neuropathic pain conditions. 

However, pain relief has often been obtained concomitantly witii numerous adverse 
events and/or limitations in eflScacy which have restricted tolerability of these drags. This 
difSculty may be due to the disparate activities outlined above, which in tum may arise, in 
part, because many of the above compounds block more than one type of ion channel. For 
example, lidocaine and biq[)ivacaine bind potassium chaimels, and it is behoved that this 
activity is responsible for their cardiotoxic effects. A selective sodium channel blocking 
agent may provide inoreased specificity of action, reducing unwanted side effects, and 
permitting more fireedom to vary dosage far treating the primary disorder wifliout inducing 
seizures or cardiac malfunction. 
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Caldum chazmel-bloddng agraits have also been shown to reduce pain behaviors, 
mechanical hyperalgesia and allodyma. Selective voltage sensitive calcimn channel blockes 
' have been shown to be effective analgesics. Recently, ziconotide, has been rq)OTted to be 
effective in tteating severe neuropathic pain [Hu et al. Bioorganic & Medicinal Chemistry 
Letters 9: 2151-2156 (1999)]. Also, co-administration of ziconotide and morphine, an 
opioid agonist, produced an additive or synergistic analgesic effect, see Wang et aL Pain 84: 
271-281 (2000). 

Opioids are the major class of analgesics used in the management of moderate to 
severe pain because of their efifectiveness, ease of titration, and fovorable lisk-to-beaefit 
ratio. Opioids produce analgesia by binding to specific receptors both witiiin and outside 
tiie CNS. Opioid analgesics are classified as fiill agonists, partial agonists, or mixed 
agonist-antagonists, depending on the receptors to which tiiey bind and their intrinsic 
activities at each recq>tor. 

Three subclasses of opioid receptor have been identified in humans, namely the S-, 
K-, and ^-opioid receptors. Analgesia is thought to involve activation of ]i and/or k 
recq>tors. Notwithstanding their low selectivity for \i over k receptors, it is likely that 
morphine and morphine-like opioid agonists produce analgesia primarily through 
interaction with \i receptors; selective agonists of k receptors in humans produce analgesia, 
because rather than the ei^horia associated with morphine and congeners, these compounds 
often produce dyqshoiia and psychotomimetic effects. The consequences of activating 5 
receptors in Innxi&Ds rGmsiii unclcsr. 

Although opioids can be very effective in pain numagement, they do cause several 
side effects, such as reqnratoiy depression, constipation, physical depoidence, tolerance, 
witiidraw. These unwanted effects can severely limit then: use. 

The known ion channel-blocking agents and opioids have been voy effective in 
pain management However, they have restricted use because of several potentially severe 
sideefifects. Therefor^ Ibo^e is a current need for pharmaceutical agents tiiat retain the 
analgesic properties of the known ion channel-blocking agents and opioids, but that have 
reduced side effect profiles. A single agent that has both ion channel-blocking ability and 
opioid binding ability may be particularly useful in pain management because of an additive 
or synergistic analgesic effect fix)m a duel biochemical mechanism of action. This additive 
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or syneigistic analgesic effect would result in lower drug concentrations required for pain 
relief and therefore reduced side effect profiles. 

Summary of the Invention 

One aspect of the present invention relates to novel peptidomometic compounds. A 
second aspect of the present invention relates to the use of fhe novel peptidomimetic 
compounds as ligands - agonists or antagonists — for various celliilar receptors, e.g., G- 
protein-cov^led receptors and opioid receptors, and various cellular ion channels, e.g., 
sodium and calcium. In certain onbodiments, compounds of the present invention 
prefisrentially or selectively inhibit sodium or calcium ion channels. In certain 
embodiments, conqwunds of &e present invention preferentially or selectively agonize or 
antagonize \i opioid recq)tors. In cotain embodiments, compounds of the present invention 
preferentially or selectively inhibit sodium or calcium ion channels and agonize or 
antagonize (i-opioid recqrtors. 

BriefDescription of the Figures 

Figure 1 depicts certain compounds of the present invention made according to flie 
combinatorial methods described in Example 30. 

Figure 2 depicts certain compounds of fhe present inventian made according to the 
combinatorial methods described in Example 30. 

Figure 3 depicts certain compounds of the present invention made according to the 
combinatorial methods described in Bxanq)le 30. 

Figure 4 depicts certain conqiounds of the present invention made according to the 
combinatorial methods described m Exanq)le 30. 

Figure 5 depicts certain cQitqraunds of the present invention inade according to the 
combmatorial methods described in Example 30. 

Fignre 6 dq[>icts certain compounds of ^ present invention inade according to the 
combinatorial methods described in Exan^ile 30. 



Detailed Deso'^^n of ti$e Invention 

Pain is an unpleasant sensation varying in severity in a local part of the body or 
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several parts of the body resulting fiom injury, disease^ or emotional disorder. Pain can be 
classified according to its duration. Acute pain, which lasts less than one month, usually 
has a readily identifiable cause (e.g., hip fiacture) and signals tissue damage. The associated 
effect is often anxiety, and tiie concomitant phj^ologic findings are those of sympathetic 
stimulation (e.g., tachycardia, tachypnea, diaphoresis). In addition, acute pain syndromes 
can be episodic, for example recurrent discomfort fiom arthritis. 

Chronic pain can be defined as pain that persists more than one month beyond the 
usual course of an acute illness or injury, or pain that recurs at intervals over months or 
years, or pain that is associated with a chronic pathologic process. In contrast to acute pain, 
chronic pain loses its adq)tive biologic fimctioiL Depression is common, and abnormal 
illness bdiavior often coiqpounds the patient's inipainneat Chronic pain can be divided 
broadly into that which is infenred to be predominantly somatogenic and that which is 
infenred to be predominantly psychogenic. A similar classification based on inferred 
pathophysiology designate chronic pain as nociceptive (commensurate witibi ongoing 
activation of pain-sensitive nerve fibers), neuropathic (due to aberrant somatosensoiy 
processmg in afferent neural pathways), or psychogenic. 

Nociceptive pain can be somatic or visceral. Most chronic pain in the eldorly is 
nociceptive and somatic; arthritis, cancer pain, and myo&scial pain are most common. 
Relief is likely with removal of fli6perq>heral cause (e.g., reducing periarticular 
inflammation), and analgesic drugs are often effective. 

A common sub^e of neuropathic pain, known collectively as peripheral 
neiiropathic pain, is presumably sustained by mechanisms that involve disturbances in the 
peripheral nerve or nerve root; neuroma formation after axonal injury and nerve 
coirq)ression are the two m^or processes. Anotho* subtype of neuropathic pain is related to 
tiie reorganization of nocicqitive information processing by the CNS; it persists without 
ongoing activation of pain-sensitive fibras. This type of pain, known collectively as the 
deaffereatation syndromes, includes pos&etpetic neuralgia, central pain (which can result 
fiom a lesion at any level of the CNS), phantom linib pain, and others. A third subtype of 
neuropa&ic pain, oftaa. called syn^a&etically maintained pain, can be ameliorated by 
inte3mq;>tion of synq>athetic nerves to fbs painfiil area; ftie prototypic disorder is reflex 
sympathetic dystrophy. The precise mechanisms involved in these disorders are conjectural. 
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but all can pnxlace an unfamiliar pain, often described as buming and stabbing. Cunently, 
this type of pain responds poorly to analgesics. 

Some patients have persistent pain without dther nociceptive foci or evidence of a 
neuropathic mechanism for the pain. Many olheis have nociceptive lesions that do not 
su£SciBntly explain the degree of pain and disability. Psychopathologic processes accoimt 
for these complaints in some patients. If no evidence for a psychological cause is found, the 
pain is referred to as idiopathic. Many patients have an idiopathic pain syndrome that is 
best described by fhe generic diagnosis chronic nonmalignant pain syndrome, a term 
denoting pain and disability dispropoitioiiate to an identifiable somatic cause and usually 
related to a more pervasive set of abnonnal illness behaviors. Some of these patients may be 
labeled by flie more formal psychiatiic diagnosis of somatofbrm pain disorder. OQiers have 
ccMiq>laints that constitute a specific pain diagnosis, most commonly the &iled low back 
syndrome or atypical fiidal pain. Still ofhero have significant organic lesions (e-g., lumbar 
arachnoiditis) but also have a dear psydiological contribution associated with excessive 
disability. Diagnosis may be difScult, but the relative contributions of both organic and 
psychological conq)onents of lbs pain can be defined. 

Another clinically useful classification of chronic pain is broadly syndromic. For 
example, chronic pain may be part of a medical illness (e.g., cancer or arthritis). A mixture 
of pathophysiologic mechanisms may be involved; e.g., tumor invasion of nerve and bone 
may cause neuropathic and somatic nociceptive pains, respectively, and psychological 
factors may be prominent 

Different classes of drugs are currently available for pain management, nonsteriodal 
anti-inflammatories, opioids, and adjuvant analgesics. The nonsteriodal anti- 
inflammatories class includes drugs such as aspirin, ibiqtrofen, diclofenac, acetaminophen, 
celecoxib, and rofecoxib. The opioid class includes morphine, oxycodone, fraitanyl, and 
pentazocine. Ad^'uvant analgesics include various antidepressants, anticonvulsants, 
neurolq)tics, corticosteroids and ion channeil-blocldng agents, such as carbamazq)ine (Na*) 
and ziconotide ((V^. 

Opioids, specifically ligands for the )i-opioid receptor, are the m^or class of 
analgesics used in tibe management of moderate to severe pain because of tiieir 
efifectiveness, ease of titration, and &vorable risk-to-benefit ratio. Unfortunately, the 
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opioids cunently available are addictive to varying degrees. Research into the development 
of new, selective ligands for opioid recqptors holds the promise of yielding potent 
analgesics that lack the addictive characteristics of moiphine and its congeners. Apphcants 
herein disclose novel analgesics, including selective hgands for opioid recq)tors. Individual 
con]pounds described herein promise to have agonistic, antagonistic, and hybrid effects on 
opioid and other cellular receptors. Additionally, new compounds reported herein may 
possess analgesic properties free fiom the reward-seddng behavior and potential for 
physical dependence associated vfifh moiphine and heroin. 

Sodium channel blockers are commonly used in the treatment of pain, tinnitus, 
arrhythmia, ischemic stroke, and epQqpsy. Some are used in anesfiiesia, particularly local 
anesthesia. Many of tiie sodium channel blockers ciureatly in use block mult^le ion 
channels, including potassium and calcium channels, and thus are associated with 
undesirable cardiac and CNS side efiiscts. Some of these drugs can cause seizures, tremors, 
anhythnuas, or hypotensiQiL 

Calcium channel-bloddng agrats have also been shown to reduce pain behaviors, 
mechanical hyperalgesia and allodynia Selective voltage sensitive calcium chaimel blockes 
have been shown to be efTective analgesics. Recently, ziconotide, has been reported to be 
effective in treating severe neuropathic pain [Hu et al. Bioorganic & Medicinal Chemistry 
Letters 9: 2151-2156 (1999)]. Also, co-administration of 2dconotide and morphine, an 
opioid agonist, produced an additive or synergistic analgesic effect See Wang et al. Pain 
84:271-281(2000). 

The known ion channel-bloddng agents and opioids have been very effective in 
pain management However, tiiey have restricted use because of sevraral potentially severe 
side effects. Therefore, there is a currmt need for phamuiceutical agents that retain the 
analgesic properties of the known ion channel-blockmg agpats and opioids, but that have 
reduced side effect profiles. A single agent that has bofli ion channel-blocking abiUty and 
opioid binding ability may be particulariy usefol in pain management because of an additive 
or synergistic analgesic effect fiom a duel biochemical mechanism of action. This additive 
or synergistic analgesic effect would result in lower drug concentrations required for pain 
reUef and therefore reduced side effect profiles. In addition, new compounds reported 
herein may possess prqperties for the treatment of physical or psychological additions. 
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psychiatiic disoiders, and neurological pathologies, such as tinnitus. 

The n-opioid receptor ion channel receptore are members of a femily of cell surface 
proteins that permit intracellular transduction of extracellular signals. Cell surface receptors 
and ion chamels are among the cell sur&ce proteins that respond to extracellular signals 
and initiate the events that lead to this varied gene expression and response. Ion channels 
and cell surface-localized receptors are ubiquitous and physiologically important cell 
sur&ce monbrane proteins. They play a central role in regulating intracellular levels of 
various ions and chemicals, many of which are important for cell viability and fimction. 

Cell sur&ce-localized recqptors are memhrane q;)amiing proteins that bind 
extracettular signalling molecules or changes in the extracellular environment and transmit 
the signal via signal transducti(m padiways to efiEect a ceUular response. CeU sui£i^ 
receptois bind circulating signal polypeptides, such as growth factors and hormones, as the 
initiating step in the induction of numerous intracellular pathways. Receptors are classified 
on the basis of the particular type of pa&way that is induced. Included among these classes 
of recq>tors are those tiiat bind growth factors and have intrinsic tyrosine kinase activity, 
such as the heparin binding growth &ctor (EIBGF) receptors, and those that couple to 
effector proteins through guanine nucleotide binding regulatory protems, which are referred 
to as G protein coupled receptors and G proteins, respectively. 

The G protein transmembrane signahng pathways consist of three proteins: 
receptors, G proteins and effectors. G proteins, which are the intermediaries in 
transmembrane signaling pathways, are heterodimers and consist of alpha , beta and gamma 
subunits. Among die members of a £anily of G proteins the alpha subunits differ. Functions 
of G proteins are regulated by the cyclic association of GTP witii the alpha subunit followed 
by hydrolysis of GTP to GDP and dissociation of GDP. 

G protein coiq>led recq>tors ate a diverse class of receptors that mediate signal 
transduction by binding to G proteins. Signal transduction is initiated via ligand binding to 
the cell membrane recq>tor, which stimulates binding of the receptor to the G protein. The 
receptor G protein interaction releases GDP, which is specifically boimd to the G protein, 
and permits tiie bmding of GTP, which activates tiie G protein. Activated G protein 
dissociates fiom the receptor and activates tiie effector protdn, which regulates die 
intracellular levels of specific second messengers. Examples of such effector proteins 
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include adenyl cyclase, gaanyl cyclase, phospholipase C, and otiiers. 

G protein-coupled receptors, which are glycoproteins, are known to share certain 
structural siinilaiities and homologies (see, erg., Gihnan, A.G., Ann. Rev. Biochein.S6: 
615-649 (1987), Strader, CD. et aL The FASEB Journal 3: 1825-1832 (1989), Kobilka, 
BJC, et al. Nature 329:75-79 (1985) and Young et al. Cell 45: 71 1-719 (1986)). Among the 
G protein-coupled receptors that have been identified and cloned are the substance K 
recq>tor, the angiotensin receptor, the alpha - and beta -adrenergic receptors and the 
serotonin receptors. G proteta-coi^led receptors share a conserved structural motif. The 
general and common structural features of tiie G protein-coupled receptors are the existence 
of seven hydrophobic stretdies of about 20-25 amino adds each surrounded by ei^ 
hydrophilic regions of variable lengdi. It has been postulated that each of tiie seven 
hydrophobic regions fianns a transmembrane alpha helix and the intervening hydrophilic 
regions form alternately intiacellularly and extracellularly eiqposed loops. The third 
cytosolic loop between transmembrane doouiins five and six is the intracellular domain 
reqxmsible fiir the interaction with G proteins. 

G proteinrcoiq>led recqitors are known to be inducible. This indudbility was origmally 
desoribed in lower eukaiyotes. For exanq>l6, the cAMP receptor of the cellular sUme mold, 
Dictyostelium, is induced during difierentiation (Klda et al.. Science 241 : 1467-1472 
(1988). During the Dictyostelium discoideum differentiation pattiway, cAMP, induces high 
level expression of its G protein-coupled recq>tor. This receptor transduces the signal to 
induce the expression of the other genes involved in chemotaxis, which permits 
multicellular aggregates to align, organize and form stalks (see, Firtel, RA, et al. Cell 58: 
235-239 (1989) and Devreotes, P., Science 245: 1054-1058 (1989)). 

Deftnitions 

For convenience, certain terms easployei in fbe specification, esxamples, and 
appended claims are collected hare. 

The tram "cell sur&ce proteins** includes molecules that occur on &e sutfitce of 
cells, interact with the extracellular environment, and transmit or transduce infimnation 
regarding the environment intracellularly . 

The term "extracellular signals" includes a molecule or a change in the environment 



wo 01/70684 



PCT/USOl/06173 



-10- 

that is transduced intracellulaiiy via cell sm&ce protdns that interact, directly or indirectly, 
vfifh the signal. An extracellular signal is any coiiq>ound or substance that in some manner 
specifically alters the activity of a cell sur&ce protein. Examples of such signals include, 
but are not limited to, molecules such as acetylcholine, growth factors, hormones and other 
mitogenic substances, such as phorbol mistric acetate (PMA), that bind to cell surface 
receptors and ion channels and modulate the activity of such receptors and channels. 
Extracellular signals also includes as yet unidraitified substances tiiat modulate the activity 
of a cell sur&ce protein and flioreby affect intracellular functions and that are potential 
pharmacological agents ftat may be used to treat specific diseases by modulating the 
activity of specific cell sui&ce recqrtors. 

The tenn "EDjo" means Ihe dose of a drug which produces 50% of its maximum 
response or efiecL Alternatively, tihe dose which produces a pre-determined response in 
50% of test subjects or prq)aTations. 

The tean "LDy," means tiie dose of a drug Ti^ch is lethal in 50% of test subjects. 

The team "flienq>eutic index" refem to the fher^eutic index of a drug defined as 
LD5O/ED50. 

The term "structure-activity relationship (SAR)" refers to the way in which altering 
the molecular structure of drugs altOTs their interaction with a receptor, en2yme, etc. 

The term "agonist" refers to a compound that mimics the action of natural 
transmitter or, when the natural transmitter is not known, causes changes at the receptor 
complex in the absence of other recq)tor ligands. 

The torn "antagonist" refers to a conqwund that binds to a receptor site, but does 
not cause any physiological dianges unless another receptor ligand is present 

The t«m "conqietitive anta^misf* refers to a con:q)Ound that binds to a receptor site; 
its efiects can be overcome by increased concentration of tile agonist 

The tem "partial agonisf refers to a contpound that binds to a recq)tor site but does 
not produce the maximal effect regardless of its concentration. 

The tenn "ligand" refos to a conqwund that binds at the recq>tor site. 

The term "heteroatom" as used hoein means an atom of any element athec than 
carbon or hydrogen. Preferred beteroatoms are boron, nitrogen, oxygoi, phosphorus, sulftu: 
and selenium. 
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The torn "electrcm-wifhdrawiDg group" is recognized in the ait, and denotes the 
tendency of a substituent to attract valence electrons from neighboring atoms, i.e., the 
substituent is electronegative with respect to neighboring atoms. A quantification of the 
level of electron-withdrawing capability is given by the Hammett sigma (a) constant. This 
well known constant is described in many references, for instance, J. March, Advanced 
Organic Chemistry. McGraw Hill Book Company, New York, (1977 edition) pp. 251-259. 
The Hammett constant values are generally negative for electron donating grovps (a(P] = - 
0.66 for NH2) and positive for electron withdrawing groups (a[P] = 0.78 for a nitro groiqp), 
<r[P] indicating para substitution. Exemplary electron-withdrawing groups include nitro, 
acyl, formyL, sulfonyL, tcifluoromethyl, cyano, chloride, and the like. Exemplary electron- 
donating groups include amino, methoxy, and the like. 

The term "alkyl" refers to the radical of satmuted aliphatic groiq)s, including 
straight-chain alkyl grovqw, branched-chain alkyl groups, cycloalkyl (ahcyclic) groups, 
alkyl substituted cycloalkyl groups, and cycloalkyl substituted alkyl groups. In preferred 
embodiments, a straight chain or branched chain alkyl has 30 or fewer carbon atoms in its 
backbone (e.g., C1-C30 for straight diain, C3-C30 for branched chain), and more preferably 
20 or fewer. likewise, preferred (^cloalkyls have from 3-10 carbon atrans in their liqg 
structure, and inore preferably have 5, 6 or 7 ca]1)Qiis in the ling stnicture. 

M oieovo:, the term "alkyl" (or "lower siBsyV) as used throughout fhe specification, 
examples, and claims is intmded to include botih "unsubstitated alkyls" and "substituted 
alibis", flie latter of which refers to alkyl moieties having substituents rqiladng a hydrogen 
on one or more carbons of the hydrocarbon backbone. Such substituents can include, fer 
example, a halogen, a hydroxyU a carbonyl (such as a carboxyl, an alkoxycaxbonyl, a 
formyl, or an acyl), a tfaiocaibonyl (such as a tibioester, a tiiioacetate, or a tiiiofonnate), an 
alkoxyl, a phosphoryl, a phosphonate, a phosphinate, an amino, an amido, an amidine, an 
imine, a cyano, a nitro, an azido, a sulfhydryl, an alkylthio, a sulfate, a sulfonate, a 
sut^oyl, a sulfonamide, a sulfonyl, aheterocyclyl, an aralkyl, or an aromatic or 
heteroaromatic moiety. It will be understood by those skilled in the art that the moieties 
substituted on the hydrocarbon chain can themselves be substituted, if appropriate. For 
instance, the substituents of a substituted dSkyl may include substituted and unsubstituted 
forms of amino, azido, imino, amido, phosphoryl (including phosphonate and phosphinate). 
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sulfimyl (including sul£tte, solfonamido, sul&moyl and sulfimate), and silyl gioiq>s, as well 
as ethers, aU^ltbios, carbon^ (including ketones, aldehydes, carbo^^lates, and esters), - 
CF3,-CN and the like. Exenqilaiy substituted alkyls are described below. Cycloalkyls can 
be further substituted with alkyls, alkeuyls, alkoxys, alkylthios, aminoaU^ls, caibonyl- 
substituted alkyls, -CF3, -CN, and the like. 

The tram "andkyl", as used herein, le^ to an alkyl group substitated with an aiyl 
groiq) (e.g., an aromatic or heteroaiomatic groiq>). 

The toms "alken^" and "aOcynyr refer to unsaturated aliphatic groups analogous in 
length and possible substitution to the alkyls described above, but that contain at least one 
double or triple bond respectively. 

Unless tile number of carbons is otherwise specified, "lower alkyl" as used herein 
means an alkyl grotq), as defined above, but having fiom one to ten carbons, more 
preferably fiom one to six caibaiatoins in its backbone structure. Likewise, "lower 
alkenyl" and "lower aDcynyl" have similar chain lengths. Preferred alkyl groups are lower 
alkyls. In preferred embodiments, a substituent designated herein as alkyl is a lower alkyl. 

The term "aryl" as used herein includes 5-, 6- and 7-membered single-ring aromatic 
groups that may include from zero to four heteroatoms, for example, benzene, pyrrole, 
fiiran, tfaiophene, imidazole, oxazole, thiazole, triazole, pyrazole, pyridine, pyrazine, 
pyridazine and pyrimidine, and the like. Those aryl groups having heteroatoms in the ring 
structure may also be referred to as "aryl heterocycles" or "heteroaromatics." The aromatic 
ring can be substituted at one or more ring positions with such substituents as described 
above, for example, halo^n, azide, alkyl, araB^l, alkenyl, all^yl, cycloaSkyl, hydroxyl, 
alkoxyl, anuno, nitro, sulfiiydiyl, imino, amido, phospbonate, phospbinate, carbonyl, 
caiboxyl, silyl, etiier, alkylthio, sulfonyl, sulfonamido, ketone, aldehyde, ester, heterocyclyl, 
aromatic or hetooaromatic moieties, -CF3, -CN, or the like. The term "aryl" also includes 
polycycUc ring systems having two or more cyclic rings in ^ch two or more carbons are 
common to two adjoining rings (the rings are "fiised rings") wfaoein at least one of the rings 
is aromatic, e.g., the other cyclic rings can be cycloalkyls, c^loalkenyls, cycloalkynyls, 
acyls and/or heterocyclyls. 
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The terms ortho, meta and para q>ply to 1^-, 1,3- and 1,4-disubstituted benzenes, 
respectively. For example, the names 1,2-dimetliyIbeiizene and oTtAo-dimethylbeDzene are 
synonymous. 

The terms "heterocyclyl" or "heterocyclic group" refer to 3- to 10-membered ring 
structures, more preferably 3- to 7-membered rings, vt^ose ring structures include one to 
four heteroatoms. Heterocycles can also be polycycles. Heterocyclyl grovq)s include, for 
example, thiophene, thianthrene, iiiran, pyran, isobenzofuran, chromene, xantheue, 
phenoxathiin, pyrrole, imidazole, pyrazole, isothiazole, isoxazole^ pyridine, pyrazine, 
pyrimidine, pyxidazine, indoHzine, isoindole, indole, indazole, purine, quinolizine, 
isoqoinoline, qninoline, phfhalazine, iuq)fathyiidine, quinoxaline, quinazoline, cinnoline, 
pteridine, caibazole, carbolins, phenanthridine, acridine, pyrimidine, phenantbioline, 
phenazine, phenarsazme, phenothiamie, furazan, phenoxazine, pyrrolidine, oxoUme, 
thiolane, oxazole, piperidine, pipoazine, moipholine, lactones, lactams such as azetidinones 
and pyrrolidinones, sultams, sultones, and the Uke. The heterocyclic ring can be substitoted 
at one or more positions with such substituents as described above, as for exan^Ie, halogen, 
aU^l, aralkyl, alkenyl, allcynyl, cydoall^l, hydroxyl, amino, nitio, sulfhydiyl, imino, 
amido, phosphonate, phosphinate, carbonyl, caxboxyl, silyl, ether, all^lthio, sulfonyl, 
ketone, aldehyde, ester, a heterocyclyl, an aromatic or heteroaxomatic moiety, -CF3, -CN, or 
belike. 

The terms "polycyclyl" or "polycyclic group" refer to two or more rings (e.g,, 
cycloalkyls, cycloalkenyls, cycloalkynyls, aiyls and/or heterocyclyls) in which two or more 
carbons are common to two a^oining rings, e.g., the rings are "fused rings". Rings that are 
joined through non-adjacent atoms are termed "bridged" rings. Each of the rings of the 
polycycle canbe substituted with such substituents as desmbed above, as for example, 
halogen, aQcyl, acaH^l, alkenyl, alkynyl, cycloalkyi, hydroxyl, amino, nitro, sulfbydiyl, 
fanino, amido, phosphonate, phosphinate, caibonyl, catboxyl, silyl, ether, allgrlthio, 
sulfonyl, ketone, ald^yde, ester, a heterocyclyl, an aromatic or hetraoaxomatic moiety, - 
CF3,-CN,orihelike. 

The tenn "carfoocycle", as used herein, refers to an aromatic or non-aromatic ring in 
which each atom of the ring is carbon. 
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As used herein, the term "nitro" means -NO2; the teim "halogen" designates -F, -CI, 
-Br or -I; the term "sulfhydryl" means -SH; flxe term "hydroxyl" means -OH; and the term 
"sulfonyl" means -S02-- 

The temis "amine" and "amino" are art-recognized and refo: to both unsubstituted 
and substituted amines. e.g., a moiety that can be represented by the general formula: 

/Rio ,+ 



wherein R9, g and R* xq each indqiendraitly rqtresent a groiq) pomitted by the rules of 
valence. 

The term "acylamino" is art-recognized and refers to a moiety that can be 
rqjresented by the general formula: 



wherem R, is as defined above, and R'l 1 represents a hydrogen, an aUcyl, an alkenyl or 
-(CH2)m-R8. where m and R3 are as defined above. 

The term "amido" is art recognized as an amino-substituted caibonyl and includes a 
moiety that can be represented by Ihe g/Esi&ai formula: 
p 



I — -R9 



N- 

J 

v^erdn R9, R^q are as defined above. Prefoned embodiments of the amide will not 
include imides which may be unstable. 

The term "alkyldiio" refers to an alkyl gmvp, as defined above, having a sulfur 
radical attadied thereto. In preferred embodimeaits, the "alkylthio" moiety is represented by 
one of -S-aDcyl, -S-alkenyl, -S-alkynyl, and -S-(C3l2)ni-R8, wherein m and Rg are defined 
above. Represaitative alkylthio groiq>s include methyltibio, ethyl tfaio, and the like. 
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The term "carbonyl" is art recognized and includes such moieties as can be 
represented by the general fbnniila: 
O O 

wherein X is a bond or rqnxs^ts an o^gen or a sulfur, and Ri j rq)resCTts a hydrogen, an 
aH^l, an alkoiyl, -(CH2)iii-Rg or apharmaceutically acceptable salt, R*ii represents a 
hydrogen, an alkyl, an alkenyl or -(CH2)in-R8> where m and Rg are as defined above. 
Where X is an oxygen and Rj j or R'n is not hydrogen, tiie formula represents an "ester". 
Where X is an oxygen, and R j i is as defined above, the moiety is referred to herein as a 
caiboxyl groiq), and particularly when Rn is a hydrogen, the formula represraits a 
"caiboxylic add". Where X is an oxygen, and R'l i is hydrogen, the formula represents a 
"formate". In ^neral, where the oxygen atom of the above formula is replaced by sulfijr, 
the formula rqnesents a "tfaiolcarbonyl" group. Where X is a sulfinr and Ri i or R'l i is not 
hydrogen, the formula represents a "diiolester." Where X is a sulfor and Ri i is hydrogen, 
the formula represents a "thiolcaiboxylic acid." Where X is a suUur and Ri [' is hydrogen, 
die formula represents a "tibiotformate." Qntheotherhand, whereXisabond, andRjj is 
not hydrogen, the above formula represents a "ketone" group. Where X is a bond, and Ri i 
is hydrogen, fiie above fonnula rq>resents an "alddbyde" group. 

The terms "alko^Qrl" or "alkoxy" as used herem refers to an alkyl group, as defined 
above, having an oxygen radical attached fiiereto. Rqiresentative alkoxyl groups include 
methoxy, ethoxy, propyloxy, tert-butoxy and the Kke. An "ether" is two hydrocarbons 
covalently linked by an oxygen. Accordingly, the substituent of an alkyl that renders that 
alkyl an ether is or resembles an alkoxyl, such as can be represented by one of -O-aDcyl, -O- 
alkenyl, -O-allQTiyl, -0-(CH2)ni-R8» whae m and Rg are described above. 

The term "sulfonate" is art recognized and includes a moiety that can be represoited 
by the general formula: 




wo 01/70684 



PCT/USOl/06173 



in vMch R41 is an electron pair, hydrogCT, alkyl, cycloalkyl, or aiyl. 

The terms triflyl, tosyl, mesyl, and nonaflyl are art-recognized and refer to 
tnfluoromethanesulfonyl,p-toluenesulfonyl, methanesulfonyl, and 
nonaflxiorobutanesulfonyl groiQ)s, respectively. The terms triflate, tosylate, mesylate, and 
nonaflate are art-recognized and refer to trifluoromeUianesulfonate ester, /vtolueaesulfonate 
ester, methanesulfbnate ester, and nonafluorobutanesulfonate ester functional groiqps and 
molecules that contain said gn>iq>Si, re£9)ectively. 

The abbreviations Me, Et, Ph, TC Ts, Ms iq)resent methyl, ethyl, phenyl, 
trifhioTomettianesulfiinyl, noiiafliiorobutanesulfbnyl, p-toluenesulfbnyl and 
methanesulfonyl, respectively. A more conqirehensive list of the abbreviations utilized by 
organic chemists of ordmary skill in the art qjpeacs in the first issue of each volume of the 
Journal of Organic Chemistry, tins list is typically presented in a table mtitled Standard 
IJst of Abbreviations . The abbreviations contained in said list, and all abbreviations 
utilized by organic chemists of ordinary skill in the art are hoeby incorporated by reference. 

The term " sul&te" is art recognized and includes a moiety that can be rqtresented by 

tbe general fismula: 

O 
II 

O— S— PR41 

o 

in which R41 is as defined above. 

The tcnn "sulfonylamino" is art recognized and includes a moiety that can be 

represented by the general formula: 

O 
II 

' S-R 



' O 
R 

The term "sul&moyl" is art-recognized and includes a moiety that can be 
represoited by the general formula: 

O R. 
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The tenn "sulfonyr, as used herem, refers to a moiety that can be rqprcseiited by the 

geoeral foimula: 

O 
II 

— S— R44 
II ^ 

o 

in which R44 is selected from the groiq) consisting of hydrogen, allsyl, alkenyl, alkynyl, 
cycloalkyl, heterocyclyl, aiyl, orhetraoaiyL 

The term "sulfoxide" as used herein, refisrs to a moi^ that can be represented by 
the general formula: 

8 

— S-R,, 

in wiach R44 is selected fiom the gpsap consisting of hydrogen, alkyl, alkenyl, all^yl, 
cycloalkyl, heterocyclyl, aralkyl, or aryL 

A "selenoalkyl" refers to an aJkyl gmxtp having a substituted selesno group attached 
thereto. Exemplary "selenoetiiers" which may be substituted on the alkyl are selected ftom 
one of -Se-alkyl, -Se-aUcenyl, -Se-alkynyl, and -Se-(CH2)m-R7. ^ R? being defined 
above. 

Analogous substitutions can be made to alkenyl and alkynyl ffxtups to produce, for 
exanq>le, aminoaDcenyls, ammoalkynyls, amidoalkaiyls, amidoaUcynyls, iminoalkenyls, 
. iminoall^yls, thioalkeoyls, thioalkynyls, catbonyl-substituted alkenyls or aU^yls. 

As used herein, the definition of each expression, e.g. alkyl, m, n, etc., when it 
occurs more than once in any structure, is intended to be indq>endent of its definition 
elsewhere in the same structure. 

It will be understood that "substitution" or "substituted with" includes fbs implicit 
proviso diat such substitution is in acooidance with permitted valence of the substituted 
atom and the substituent, and that the substitution results in a stable compound, e.g., which 
does not spontaneously undergo transformation such as by rearrangement, cyclization, 
ehmination, etc. 

As used herein, the term "substituted" is contemplated to include all permissible 
substituents of organic compounds, hi a broad aspect, the permissible substituents include 
acyclic and cyclic, branched and unbranched, carbocycUc and heterocyclic, aromatic and 
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nonaromatic substitaeats of organic conqioiiiids. niustrative substituents include, for 
example, those described herein above. The permissible substituents can be one or more 
and the same or different for appropriate organic compounds. For purposes of fliis 
invention, the heteroatoms such as nitrogen may have hydrogen substituents and/or any 
pemiissible substituents of organic compounds described hetfm which satisfy the valences 
of the heteroatoms. This invention is not intended to be limited in any manner by the 
pemiissible substituents of organic compounds. 

The phrase "protecting group" as used hereia means temporary substituents which 
protect a potoitially reactive fimctional graap fiom undesired chemical transformations. 
Examples of such protecting groiq)S include esters of carboxylic adds, silyl ethers of 
alcohols, and acetals and ketals of alddiydes and ketones, respectively. The field of 
protecting gmap chemistry has been reviewed (Greene, T.W.; Wuts, P.GJ^ Protective 
Groups in Organic Synthesis, 2"* ed.; Wiley: New York, 1991). 

Certain compounds of the present invention may exist in particular geomebic or 
stereoisomeric fixrms. The presoit invention corrternplates all such coiiq>ounds, including 
cis- and trans-isomexs, R- and f-enantiomers, diastereomers, (D)-isomers, (L)-isomei8, the 
racemic mixtures thereof and oflier mixtures thereof, as falling within the scope of the 
invention. Additional asymmetric carbon atoms may be present in a substituent such as an 
alkyl group. All such isomers, as wdl as rnixtures thereof are intended to be included in 
this inventioiL 

for instance, a particular enantiomer of a compound of the present invention is 
desired, it may be prepared by asymmetric syntiiesis, or by derivation with a chiral 
auxiliary, where the resulting diastereomeric mixture is separated and the auxiliary groiq> 
cleaved to provide the pure desired enantiomers. Alternatively, where tire molecule 
contains a basic fimctional groi^, such as amino, or an acidic functional gtoap, such as 
caiboxyl, diastereomeric salts are formed with an qjpropriate optically-active add or base^, 
followed by resolution of tiie diastereomers thus formed by fiactional crystallization or 
diromatogr^hic means well known in tiie art, and subsequent recovery of the pure 
enantiomers. 

Contenq>lated equivalents of the compounds described above include compounds 
whidi otherwise correspond tiioeto, and which have &e same general properties thereof 
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(e.g., functioning as analgesics), wherein one or more simple variations of substitiients are 
made which do not adversely affect the efficacy of the compound in binding to opioid 
receptors. In genaal, the compounds of the present invention may be prepared by the 
methods illustrated in the general reaction schema as, for example, described below, or by 
modifications thereo:C using readily available starting materials, reagents and conventional 
synthesis procedures. In these reactions, it is also possible to make use of variants which 
are in themselves known, but are not mentioned here. 

For purposes of tins invention, the chemical elements are identified in accordance 
with the Periodic Table of llie Elements, CAS vemon. Handbook of Chemistry and 
Physics, 67th Ed., 1986-87, inside cover. Also far purposes of this invention, the term 
"hydrocarbon" is cantemplated to include all permissible compounds having at least one 
hydrograi and one caibon atom. In a broad aspect, the permissible hydrocarbons include 
acyclic and <^lic, branched and unbranched, caibocyclic and heterocyclic, aromatic and 
nonaromatic organic conqwunds winch can be substituted or unsubstitiited. 

Compounds of the Invention. 

In certain embodiments, the compounds of the present invention are rqiresented by 
general structure A: 



Xrq)reseiitsOorS; 
Yrq[«esents Hj, O or S; 

R represents independently for each occurrence H, alkyl, aryl, heteroaryl, araUtyl or 
heteroaralkyl; 

R, represents alkyl, aryl, heteroaryl, aralkyl or heteroaralkyl; 




A 



wliQ:ein 
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iq>reseots aHi^l, aiyl, heteroaiyl, aialkyl or heteroaralkyl; 
R3 represents H, all^I, aiyl, heteroaiyl, aialkyl, heteroaralkyi or acyl; 
nis 1 or 2; and 

the stereochemical configuration at any stereocenter of a compoiind represented by 
A may be R, S, or a mixture of these configurations. 

In certain embodiments, the com|)ounds of Ae present invention are represented by 
general structure A and the attendant definitions, wherein X represents O. 

In certain onbodiments, the conqmimds of the presoit invention are represented by 
general structure A and the attendant definitions, wherdn Y rqnresents O or EL,. 

In certsdn embodiments, the compounds of flie present invention are rqiresented by 
general stmcture A and die attendant definitions, wherein Y rqiresents O. 

In certain embodiments, the con^unds of the present invention are rqiresented by 
goieral structure A and the attendant definitions, wherem Y rqnresents Hj. 

In certain embodiments, die compounds of die presoit invention are represented by 
general sbuctaire A and the attendant definitions, wherem R rq)resents independently for 
each occurrence H, alkyl, aralkyl or heteroaralkyi. 

In certain embodimeats, the compounds of the present invention are represented by 
general structure A and the attendant definitions, wherein R, represents aryl or heteroaiyl. 

In certain embodiments, the coiiq>oimds of the present invention are represented by 
general stroctore A and the attendant definitions, wherem R2 represents alkyl, aralltyl or 
heteroaralkyi. 

In certain embodiments, tiie con^raunds of the present invention are represented by 
general structure A and the attendant definitions, wherein R^ represents alkyl. 

In certain embodiments, the compounds of the present invention are represented by 
general stiructuie A and die attraidant definitions, wherem R3 represents alkyl, aralkyl or 
heteroarall^L 

In certam embodiments, the compounds of the present invention are represraited by 
general structure A and die attendant definitions, -^erem R, represents aralkyl. 

In certain embodimoits, die compounds of the present invention are represented by 
general structure A and the attendant definitions, whrarem X represents O; and Y represents 
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OorHa. 

Ja certain embodimraits, the coic^unds of the present invention are represented by 
general structure A and fihe attendant definitions, whorein X represents O; and Y represents 
O. 

la certain embodiments, tbs compounds of the present invention are represented by 
gonecal structure A and the attgidaat definitions, yfhexein X represents O; and Y rq[>resents 
H,. 

In certain embodiments, the compounds of the present invention are represented by 
general structure A and the attendant definitions, wherein X represents O; Y represents O or 
H,; and R, represents aiyl or heteroaiyl. 

In certain embodhnents, the compounds of the present invention are represented by 
general structure A and the attendant definitions, whoein X represents O; Y rqnesents O or 
and R2 represents all^l, aralkyl or heteroaiall^L 

In certain onbodiments, the compounds of ttie present invention are represented by 
^eral structure A and fbs attendant definitions, wherein X represents O; Y represents O or 
and K2 i^Epi^Bsents alkyl. 

In certain embodiments, the compounds of the present invention are represented by 
general shncture A and tiie attendant definitions, wherein X represents O; Y represents O or 
and R3 represents all^l, aralkyl or heteroaraUcyL 

In certain embodiments, the compounds of the present invention are represented by 
general structure A and the attendant definitions, wherein X represents O; Y rqpresents O or 
H2; andRj rqnresents aralkyL 

In cotain enibodiments, the compounds of the present invention are represented by 
general structure A and the attendant definitions, wherein X represents O; Y represents O or 
H2; R, r^nresents aryl or heteroaryl; and Rj rqnesents alkyl, aialkyl or heteroaralkyl. 

In cotain embodiments, the compoimds of die present invention are rqiresented by 
general structure A and die attoidant definitions, whoein X rqnesents O; Y represents O or 
E^; R, represents aryl or heteroaryl; R, represents all^l, aialkyl or heteroaralkyl; and R^ 
represents alkyl, araO^l or beteroaralkyL 

In certain onbodiments, the compounds of the present invention are represented by 
general structure A and the attendant definitions, or any of the narrower definitions, wherein 
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said compound is a single enantiomer. 

In assays based on mammalian G-protetn-cot^led receptors, opioid receptors or ion 
channels, certain compounds according to general structure A have ICjo values less tiian 10 
|aM, more preferably less than 5 ^M, and most preferably less than 1 ]iM. 

In assays based on mammalian ion channels, certain compounds according to 
general structure A have ICjo vahies less than 10 against at least one ^e of ion 
channel, more preferably less dian 5 iiM, and most preferably less than 1 fiM. 

In assays based on opioid iecq)tQrs £rom roanunalian brain, certain compound 
according to general structure A have ICjo values less than 10 against at least one 
subclass of opioid lecqitor, mare preferably less than 5 jjM, and most preferably less than 1 
MM. 

In assays based on mammalian ion channels and based on opioid receptors from 
mammalian brain, certain compounds according to general structure A have ICjo values less 
than 10 against at least one type of ion channel and against at least one subclass of 
opioid receptor, more preferably less than 5 ^M, and most preferably less than 1 fiM. 

In certain ranbodiments, the compounds of the present invention are represoited by 
general structure B: 



X represents O or S; 
Y represents Hj, O or S; 
Z rqMesents H2, 0 or S; 

R represents indq>endent]y for each occurrence H, alkyl, aryl, heteroaryl, aralkyl or 




B 



whetein 
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heteroaralkyl; 

R, represents alkyl, aryl, heteroaiyl, aralkyl or heteroaralkyl; 
R2 represents independently for each occinrence alkyl, aryl, heteroaryl, aralkyl or 
heteroaralkyl; 

Rg represents H, alkyl, aryl, heteroaryl, aralkyl, heteroaralkyl or acyl; 
R, represoits H, alkyl, aryl, heteroaryl, aralkyl or heteroaralkyl; 
R5 r^resoits uidq[>endeatly for eadi occarrraice H, alkyl, aiyl, heteroaryl, aralkyl or 
heteroaralkyl; 

a vicmal pair of R aiid K2 may be connected by a covalent boiid; , 

R, and R4 may be connected by a covaloit bond, or both of them may be bonded to 

an instance ofNR,0, or S; and 

the stereodiemical configuration at any stereocenter of a conqiound rqnesented by 

B may hoR,S,ara mixture of fliese configurations. 

In certain embodimeints, fte.conqwunds of the present invention are iq)resented by 
genoal structure B and the attendant definitions, wherein X represents O. 

Li certain embodiments, the compounds of the present invention are represented by 
general structure B and the attendant definitions, wherein Y represents O or Hj. 

In certain embodiments, the con^unds of the present invention are refuresented by 
general structure B and the attendant definitions, wherein Y represents O. 

In certain embodiments, the compounds of the present invention are represented by 
general structure B and the attendant definitions, wherein Y represents Hj. 

hi certain embodiments, the compounds of the present invention are represented by 
general structure B and the attendant definitions, wherein R represents indqiraidentiy for 
each occurrence H, alkyl, aralkyl or heteroaralkyl. 

In certain embodiments, the compounds of the present invention are represented by 
general structure B and the attendant definitions, whorein R, represents aryl or heteroaryl. 

In certain embodiments, fiie compounds of the present invention are rqnresented by 
genraal structure B and the attendant definitions, wheapein R, rqnesents alliyl, aralkyl or 
heteroaralkyl. 

In certain embodiments, the conqiounds of fixe present invention are represented by 
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geaeral structine B and the attendant definitions, wherein Rj represents alkyl. 

hi certain embodiments, the compounds of the present invention are represented by 
general structure B and the attendant definitions, wherein R3 rq^resents H, aSkyl, araOcyl or 
heteroaia]kyl. 

hi certaia embodiments, the compounds of the present invention are represented by 
general structure B and the attendant definitions, wherdn R, rq>resents H, or aUcyl. 

hi certain embodimaits, the compounds of the present invention are represented by 
general structure B and the attendant definitions, ^erem X represents O; and Y represents 
OorHj. 

In certain embodimeats, the conq)ounds of tiie present invention are represented by 
general structure B and the attendant definitions, \^ierem X represents O; and Y represents 
O. 

la certain onbodiments, tiie compounds of the present invention are represented by 
general structure B and the attendant definitions, wherein X represents O; and Y represoats 

In certain embodiments, tiie compounds of the presoit invention are represented by 
general structure B and the attendant definitions, wherein X represents O; Y represents 0 or 
H^; and R, represents aryl or heteroaryl. 

hi certain embodiments, the compounds of the present invention are represented by 
general structure B and the attendant definitions, wherein X represents O; Y represents O or 
ELj; and Rj represents alkyl, aralkyl or het^aralkyl. 

hi certain embodimraits, the conqxiunds of the present invention are represented by 
general structure B and the attendant definitions, wherran X rqiresents O; Y represents O or 
Hj; and represents atkyL 

In certani embodiments, the compounds of tiie present invention are represented by 
general structure B and the attendant definitions, wherein X represents Y represents O or 
H,; and R, tqireseaits H, alkyl, aralkyl or heteroaralkyl. 

hi certain embodiments, the compounds of the present invoition are represented by 
gmeral structure B and ttie attendant definitions, wherein X represents O; Y represents O or 
Hj; and R3 rqnresents £^ or aD^l. 
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la cotain embodiments, &e confounds of fhe present invention are represented by 
general structure B and the attendant definitions, \^erein X represents O; Y represents O or 
Hj; R, represents aryl or heteroaryl; and represents alkyl, aralkyl or heteroaralkyl. 

In certain embodiments, the compounds of the present invention are represented by 
general structure B and the attendant definitions, whacein X represents Q; Y rqjresents O or 
H2; R] represents aryl or heteroaryl; R, represents alkyl, aralkyl or heteroaralkyl; and R, 
represents H, alkyl, aralkyl or heteroaralkyl. 

In certain embodiments, the conq>oimds of the present invention are represented by 
general structuie B and tiie attendant definitions, wherein X represents O; Y represents 0 or 
Z represents Hg; R represents R, represents 3-(tiifluoiomethyl)phenyl; R^ represents 
tei^-bnlyl; R, represents H; R4 represents H; and Rj represents benzyl. 

In certain ranbodiments, the conq)ounds of ttie present invention are represented by 
general structure B and fhe attendant definitions, or any of the narrower definitions, wherein 
said compound is a single enantioma:. 

In assays based on mammalian G-protdn-coiq)led receptors, opioid receptors or ion 
channels, certain compounds according to general structure B have ICjo values less than 10 
pM, more preferably less than 5 \jM, and most preferably less than 1 ^M. 

In assays based on mammalian ion channels, certain compounds according to 
general structure B have IC50 values less than 10 pM against at least one type of ion 
channel, more preferably less tiian S pM, and most preferably less than 1 |iM 

In assays based on opioid recq>t»rs fix>m mammalian brain, certain conqxnmds 
according to graieral structure B have IC^ values less than 1 0 against at least one 
subclass of opioid recq)tor, more preferably less than 5 pM, and most prefoably less than 1 

In assays based on mammalian ion channels and based on opioid receptors fiom 
mammalian brain, certain compounds according to general structure B have ICjo values less 
than 10 fiM against at least one type of ion channel and against at least one subclass of 
opioid recq>tor, more preferably less than 5 pM, and most preferably less than 1 pM. 
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Ih certain embodiments, ib& compounds of the present invention are represented by 

general structuie C: 




C 

wherein 

X represents O or S; 
Y represents O or 
Z represents H^, O or 

R represents indqiendoitly for each occurrence H, alkyl, aiyl, hetmaiyl, aralkyl or 
heteroaralkyl; 

R, rq)resents alkyl, aryl, heteroaryl, aralkyl or heteroaralkyl; 

R3 represents H, alkyl, aiyl, heteroaryl, aralkyl, heteroaralkyl or acyl; 

R( is absoot or present 1, 2, 3 or 4 times; 

R4 rqrresents independently for each occurrence alkyl, aryl, alkenyl, alkynyl, 
heteroaryl, aralkyl, heteroaraHyl, halogen, -N(R)2, fimnyl, acyl, -COjR, -CONRj, -O^CR, 
acylamino, -SR, or -OR; 

nisi or 2; and 

fbt stereochemical configUFation at any stexeocentex of a compound represented by 
C may be it, 5, or a mixtaire of fliese configurations. 

In certain embodnnents, the conq>ounds of the present invention are represented by 
general structure C arid file attendant definitioiis, wherein X represents O. 

In certain embodiments, the compounds of the present invention are represented by 
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general structme C and fhe attendaiit definitions, wherein Y leprcsents O or Hj. 

In certain embodiments, the compounds of tiie present invention are represented by 
general structure C and the attendant definitions, wherein Y represents O. 

hi certain embodiments, the compounds of the present invention are r^resented by 
general structure C and the attsidant definitions, wherein Y represents Hj. 

In certain embodiments, the compoimds of the present invention are represented by 
general structure C and the attendant definitions, wherein R represents independently for 
each occurrence H, alkyl, araHtyl or heteroaiall^L 

In certam embodiments, the compoiinds of the present invoition are represented by 
general stmctore C and &e attendant definitions, v^etein R, represents aiyl or heteroaiyl. 

In certain embodiments, die compoimds of the present invention are represented by 
graieral structure C and the attendant definitions, wherein R, represents H, alkyl, aralkyl or 
heteroaralkyl. 

In certain embodiments, the compounds of tiie present invention are represented by 
gmeral structure C and the attendant definitions, wherein S3 rqiresents H, or alkyl. 

In certain embodiments, ttie compounds of the present invention are represented by 
general structure C and flie attendant definitions, wherein R, is absent 

Li certain embodiments, the compounds of the present invention are represented by 
general structure C and tiie attendant definitions, wherein X represents O; and Y represents 
OorHj. 

In certain embodiments, the compounds of the present invention are represented by 
general structure C and die attendant definitions, wherein X rq)resents O; and Y represents 
O. 

In certain embodimoits, the compounds of the present invention are represented by 
general structure C and the attendant defimtions, wherem X represents O; and Y represents 

In certain embodiments, the compounds of the present invention are represented by 
general structure C and the attendant definitions, wherein X represents O; Y represmts O or 
Ji^ and Ri r^resents aiyl or heteroaryl. 

In certain embodunents, the compounds of the presaxt invention are represented by 
general structure C and the attendant definitions, wherein X represents O; Y rqxcesents O or 
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Hj; and represents H, aDsyl, aralkyl or heteroaralkyl. 

In certain embodiments, the compounds of the present invention are rqnresented by 
general structure C and the attendant definitions, wherein X represents O; Y represents O or 
H2; and R3 represents H, or aftyl. 

In certain embodiments, the conqpoimds of the present invention are represented by 
general structure C and ttie attendant definitions, wherein X represents O; Y iqiresents O or 
H2; and R4 is absent. 

In certain embodiments, the compounds of the present invoition are represented by 
general structure C and the attendant definitions, wbex&n X represents O; Y represents O or 
H,; R, rqnresents aiyl or heteroaiyl; and R, represents H, alkyl, aralkyl or hetetoarall^L 

In certain embodiments, fhs compounds of the present invention are rqpreseated by 
general stnicture C and the attendant definitions, wherein X represents O; Y represents O or 
H2; Ri rqiresents aiyl or h^eroaiyl; R3 rqiresents H, allQrl, aralkyl or heteroaralkyl; and R, 
is absent 

In cotain embodiments, tiie compounds of tihe present invention are represented by 
general structure C and the attendant definitions, or any of the narrower definitions, \ii^erein 
said conqraund is a single enantiomer. 

Iq assays based on mammalian 6-pn>tein-coiq>led receptors, opioid receptors or ion 
chaimels, certain compounds according to general structure C have ICjo values less than 10 
. ^M, more preferably less than 5 ^M, and most preferably less than 1 pM. 

Tn assays based on maimnalian ion channels, certain compounds according to 
genoal structure C have ICjo vahies less Ifaan 10 pM against at least one type of ion 
channel, more prefoably less fiian 5 fiM, and most pre&rably less than 1 pM. 

In assays based on opioid recqttors fiom mammalian brain, catain compounds 
according to general structure C have ICjo values less than 1 0 fiM against at least one 
subclass of opioid recqptor, more preferably less than S fiM, and most preferably less than 1 

In assays based on mammalian ion channels and based on opioid receptors frnm 
mammalian brain, certain compounds according to general structure C have IC50 values less 
than 10 (4M against at least one type of ion channel and against at least one subclass of 
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opioid recq)tor, more preferably less than 5 fiM, and most preferably less than 1 pM. 

In certain embodiments, the compounds of tiie present invention are represented by 
general structure D: 



wherein 

X represents O or Si 
Y represents Hj, O or S; 

R represents independently for each occurrence H, alkyl, aryl, heteroaiyl, aralkyl or 
heteroaralkyl; 

R, represents alkyl, aryl, heteroaryl, arall^l or heteroaralkyl; 

R3 represents H, alkyl, aryl, heteroaryl, aralkyl, heteroaralkyl or acyl; 

R4 is absent or present 1, 2, 3 or 4 times; 

R4 represents independently fixr each occurrence all^l, aryl, alkenyl, alkynyl, 
hetooaryU aralkyl, heteroaralkyl, halogen, -NCR),, fiirmyl, acyl, -CO2R, -CONR3, -OjCR, 
acylamino, -SR, or -OR; 

n is indq)endenQy for each occutience 1 or 2; and 

the steteocheaaiical configuration at any stereocenter of a com|)ound represented by 
D may be i?, 5*, or a mixture of tiiese craifiguratians. 




D 



hi certain embodiments, the compounds of the present invention are rqnesented by 
general structure D and the attendant definitions, wherein X represents O. 
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In certain embodiments, fh& componais of the present inv^ition are represented by 
general structure D and the attraidant definitions, wherdn Y represents O or H^- 

In certain embodiments, the compounds of the present invoition are represented by 
general structure D and the attendant definitions, wherein Y rq)resents O. 

In certain embodiments, the compounds of tbe present invention are represented by 
general structure D and the attendant definitions, wherein Y represents H^. 

In certain embodiments, the compounds of the present invention are represented by 
general structure D and the attendant definitions, wherein R represents independently for 
each occurrence H, aD^l, aralkyl or heteroaralkyl. 

In certain embodiments, the conipounds of the present invention are representeid by 
general structure D and fbs attendant definitions, whoein R, represents aryl or heteroaiyL 

In certain embodiments, the conqraunds of flie present invention are represented by 
general structure D and the attendant definitions, wherein R3 represents H, alkyl, aralkyl or 
heteroaralkyl. 

In certain embodimoits, the compounds of the present invontion are rqnesraited by 
general structure D and fbs attendant definitions, wherein represents H, or aralkyl. 

In certain embodiments, tiie conipounds of the present invention are represented by 
general structure D and the attendant definitions, wherein R4 is absent 

In certain embodiments, the compounds of tiie present invention are represented by 
general structure D and the attendant definitions, wherein X represents O; and Y represents 
OorHj. 

In certain embodiments, the compounds of the present invention are represented by 
genoal structure D and tiie attendant definitions, wherein X rqpresents O; and Y rqiresents 
O. 

In certain embodiments, the compounds of tiie present invention are represented by 
general structure D and the attendant definitions, wherein X represents O; and Y represents 

In certain embodiments, ttie conipounds of the present invention are represented by 
graieral structure D and fbe attendant definitions, wherem X represents O; Y represents O or 
H,; and R^ represents aryl or heteroaryl. 

In cortain ranbodiments, the con^unds of the present invoition are represented by 
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gen^ stnicture D and fhe attendant definitions, wherein X represents O; Y represents O or 
B^; and R3 represents H, alkyl, ara]kyl or heteioaralkyl. 

la certain embodiments, fbs compounds of tbe present invention are represented by 
general structure D and ttie attendant definitions, wherein X represents O; Y represents O or 
H2; and R3 represents BE, or aralkyl. 

In certain embodiments, the compounds of the present invention are represented by 
^neral structure D and Hbe attendant definitions, wherein X represents O; Y represoits O or 
Us; and R4 is absent 

In certain embodiments, fhe compounds of the present invention are represented by 
general struchne D and the attendant definitions, wherein X represents O; Yrqireseots O or 
Hji ^ rqnesents aiyl or heteroaiyl; and R3 represents H, all^l, arall^I or heteroaralliyl. 

In certain eoobodiments, the con^imds of fhe present invention are represented by . 
general structure D and tibe attendant definitions, wherein X represents O; Y rqiresents O or 
H,; R, represents aryl or heteroaryl; R3 represents H, alkyl, aralkyl or heteroaialkyl; and R, 
is absent 

In cratain embodiments, the compounds of the present invention are represented by 
general structure D and fhe attendant definitions, or any of fhe narrower definitions, wherein 
said compound is a single enantiomer. 

In assays based on mammalian G-protein-coupled receptors, opioid receptors or ion 
channels, certain compounds according to general structure D have ICsq values less than 10 
^M, more preferably less tiian 5 ^M, and most prefraably less than 1 fiM. 

In assays based on mammalian ion chaimels, certain compounds according to 
general structure D have IC50 values less tium 10 pM against at least one type of ion 
chaimel, more preferably less tiian 5 \jM, and most preferably less than 1 pM. 

hi assays based on opioid recq>tors from mammalian brain, certain compounds 
according to general structure D have IC50 values less tiian 10 pM against at least one 
subclass of opioid receptor, more preferably less than S )iM, and most preferably less than 1 

In assays based on mammalian ion channels and based on opioid receptors from 
mammalian brain, certain compoimds according to general structure D have ICjo values less 
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than 10 |jM against at least one type of ion channel and against at least one subclass of 
opioid recq>tor, more piefecably less than S pM, and most preferably less than 1 ^M. 

In certain embodiments, the present invention relates to a formulation, comprising a 
CQmpound repteseoted by A, B, C, or D, and the corresponding attendant defintions; and a 
phaimaceutically acceptable exdpient 

In certain embodiments, fbe present invention relates to a method of treating pain, 
drug addiction, nr timiit iiR in a itianmial , comprising the step of administering to a mammal 
wifh pain, drug addictian, or timiitas an effective amount of a fimnulation conqmsing a 
canipovaid iqpresQited by A, B, C, or D, and the corresponding attendant defintions; and a 
phatmacaitically acceptable exdpient In certain anbodimraits of fliis method, said 
mammal is a primatei, equine, canine or feline. In certain embodiments of flus method, said 
mimmial is a human. In certain embodiments of ttiis method, said formulation is 
administered orally. Li certain embodiments of this method, said formulation is 
administered intravenously. In certain embodiments of this method, said formulation is 
administered sublingually. In certain embodiments of this method, said formulation is 
administered ocularly. la certain embodimraits of this method, sdd formulation is 
administered transdermally. 

In certain anbodiments, the present invention relates to ligands for G-protein- 
coupled receptors, opioid receptors or ion channels. Preferably the ligands of the present 
invention are antagonists or a^nists of Uie G-protein-coi:q>led receptors, opioid receptors or 
ion diannels. In any event, tile ligands of tihe present invention prefoably exert their effect 
on the receptors or diamiels at a concentration less than about 10 micromolar, more 
preferably at a concentcation less than about 1 micromolar, and most preferably at a 
concentration less than 100 nanomolar. In certain embodiments, the ligands of the present 
invention bind selectively to a single fimily of GH)n)tein-coiq)led receptors, opioid 
receptors or ion diannels. In other onbodiments, the ligands of the present invention bind 
selectively to a subtype of receptor or diazmel witibin a &mily of G-protem-coiq)led 
recq^tors, opioid recq[>tors or ion diannels. 
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In certain assays based on ion channels, subject compounds have ICjo values less 
than 1 fiM for blocking sodium channels, more preferably less than 0.1 yiM, and most 
preferably less than 0.05 |iM. In preferred embodiments, a compoimd is selective for 
sodium channels over potassium and calcium channels, e.g., has an ICjo for blocking 
sodium channels which is at least 10 times lower, preferably 100 times lower, even more 
preferably 1000 times lower, than its conespondiag ICjo values far potassium and calcium 
diannels. In ptefraied embodiments. Has selectivity is observed fin: all, or a migority, of the 
various calcium and potassium channels in the animal to be treated, bi certain 
embodiments, the selectivity of a compound fat a sodium channel renders that compound 
an effective flierapeutic agent for an acute or chronic ailment, disease or malady. 

In cotain embodiments, flie selectivity of a ligand for a specific femily or subtype of 
receptor or diannel renders that ligand an efifective tfiarapeutic agent for an acute or chronic 
ailment, disease or malady. La certain embodiments, die selectivity of a ligand for a specific 
&mily or subtype of recqjtor or channel consists of abinding affinity for that femily or 
subtype of receptor or channel at least a factor of ten greater than its binding aflHnity for 
other families or subtypes of G-protein-coupled receptors, opioid receptors or ion channels. 
In preferred embodiments, the selectivity of a ligand for a specific family or subtype of 
receptor or channel consists of a binding afSnity for that family or subtype of receptor or 
channel at least a factor of one hundred greater than its binding affinity for ottier femilies or 
subtypes of G-protein-coiq)led recq)tors, opioid receptors or ion channels. In certain 
embodiments, die selectivity of a ligand for a ^>ecific family or subtype of receptor or 
channel consists of a binding a£finity for that &mily or subtype of receptor or channel at 
least a &ctor of one thousand greater than its binding affinity for other &milies or subtypes 
of G-protein-coiqiled recqrtors, opioid reoq)tors or ion channels. 

The present invention contemplates pharmaceutical formulations (see below) of the 
compounds of tiie presoit invention. In cotain embodiments, the pharmaceutical 
formulations will comprise compounds of the present mvention that effect only a specific 
family or subtype of G-protein-coiq>led receptors, opioid receptors or ion chaimels, and 
thereby have a tiierapeutic effect on an acute or chronic ailment, disease or malady that is at 
least in part due to biochemical or physiological processes associated with the recqitor(s) or 
channel(s). hi preferred embodiments, the pharmaceutical formiilations will coiiq»ise 



wo 01/70684 



PCTAJSOl/06173 



-34- 

compounds of the present mvaition that effect only a subtype of receptor or channel, and 
thereby have a therq)eutic effect on an acute or chronic ailment, disease or malady that is at 
least in part due to biochemical or physiological processes associated with the specific 
subtype of receptor or channel. The Backgrotmd of the Invention (see above) teaches 
examples of acute or chronic ailments, diseases or maladies that are caused or exacerb^ed 
by biochemical or physiological processes associated with certain G-protein-coupled 
receptors, opioid receptors or ion dumnels. One of ordinary sldll in the art will be able to 
accumulate, by reference to tiie scientific literature, a more comprdiensive list of acute or 
chronic aihnents, diseases or maladies that arc caused or raraceifoated by biochemical or 
ph;^ological processes associated with specific G-protein-coupled recqitors, opioid 
receptors or ion channels. The present invention CQntenq;)lates pharmaceutical formulations 
of conqxnmds of the present invention that will be of medicinal value against the 
afiMcementionBd acute or chronic ailments, diseases or maladies. 

In additional embodiments, die pharmaceutical formulations will comprise 
compounds of the present invention that are substantially selective fi>r sodium channels 
over potassium and calcium channels, and thereby have a therapeutic effect on an acute or 
chronic ailment, disease or malady fiiat is at least in part due to biochemical or 
physiological processes associated with sodium ion channels. For example, such 
compounds and preparations may be used in die treatment of epilepsy, tinnitus, pain, stroke 
and ischemia, head trauma, neurodegenerative diseases, arrhythmia, etc., or for providing 
local or general anesthesia. In addition to the various conditions and applications described 
herein, one of ordinary skill in the art will be able to accumulate, by reference to the 
scientific hterature (e.g., Madge, Annual Reports ia Medicinal Chemistry, 33, 51-61; Taylor 
et al.. Adv. Pharmacol., 1997, 39, 47-98), a more conyirehensive list of acute or chronic 
aihnoits, diseases or maladies fiiat are caused or exacerbated by biochemical or 
physiological processes associated wifii sodium channels. The present invention 
contemplates phannaceutical formulations of conqraunds of die present invention that will 
be of medicinal value against the aforementioned acute or chronic ailments, diseases or 
maladies. 

As antianhyUimic drugs, the conq>ounds are used to treat anfaythmias of the atria or 
ventricles of the heart in which abnormally r^id cardiac action potentials occur in either 
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chamber or premature action potentials occur in the ventricles. Representative clinical 
disorders that can potentially be treated by these compounds include atrial tachycardia, 
atrial flutter and fibrillation, atrial anfaytbmias due to re-entry, Wootf-Parldnson-White 
syndrome, ventricular premature systole (also called premature ventricular contractions, 
PVCs), ventricular tachycardia and fibrillation, and sudden cardiac death. Antiarrhythmic 
drugs may also be administered to patients following a myocardial infarction Cl^eart 
attack") or to patients with congestive heart Mbsre or cardiomyopa&y in order to prevoit 
anhythmias. Desired dinical end points for treatment of tiiese disorders include reduction 
of heart rate, regularization of ventricular ihytimis, prevention of premature ventricular 
systoles, and prevention of ventricular fibrillation and sudden cardiac deatiL The efiScacy of 
tibe subject conqmunds in treatment of anhythmias may be first established in animal 
models of cardiac aafayttunia including anhythmias initiated by electrical stimulation, focal 
myocardial injury, and ischemic injury followed by electrical stimulation or coronary 
arterial occlusion. 

As anticonvulsant drugs, the compounds are used to treat epileptic seizures 
inchiding grand mal, temporal lobe, and partial complex seizures. Desired clinical end 
points include reduction of frequency and severity of seizures. EfBcacy may be 
demonstrated in animal models of seizure including maximal electroshock seizures, 
seizures due to kainic acid lesions of ttie hippocampus, seizures due to "kindling" of the 
amygdala in rat, and seizures induced by topical alumina cream on the cortical surface of 
monkeys. 

As local anesthetic drugs and analgesics, the compounds are used to provide relief 
from pain in dentistry and localized surgical and medical procedures. They may be 
administered by localized iqection or by intrathecal or q>idural infiision. These then^eutic 
applications may be tested by measurranoit of block of sensory norve conduction by the 
compounds, and by block of pain reqxmses, using standard small animal tests of pain 
transmission inchidiiig the hot plate and tail flick tests, the induction of neuronias by 
surgical section of peripheral nerves, and the induction of pain by cutaneous pressure. 

For the treatment of tinnitus, tiie conq>ounds are used to ameliorate the false 
perception of sound, such as a ringing sound, in a patient, in some cases resulting in an 
improvement in hearing. Tests for efScacy may be performed in humans aftra- obtaining 
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data indicative of flie conqiomid's safety, or an animal model may be employed (Zhang, et 
al. Neuiosci Lett 1998, 250(3), 197-200). 

As neuroprotective agents, the compounds are used to prevent neuronal damage and 
death during and follow ischemic episodes associated with cardiac surgery, cerebral 
aneurysm, and stroke. Therq>eutic value may be assessed fmm retention and recovery of 
normal neurological status following stroke. EfBcacy in neuroprotection may be assessed in 
animal models of stroke involving expaimaoAsi occlusion of mq'or cerebral arteries such as 
die middle cerebral artery occlusion model 

Biochemical ActMtv at Ce ttular Receptors, and Assays to Detect That Activitv 

Assaying processes are well known in fte art in which a reagent is added to a 
sanq>le, and measurements of the saxaple and reagent are made to identify sanqile attributes 
stimulated by tiie rea^t For exanq>le, one such assay process concenis deteimining in a 
chromogenic assay the amount of an enzyme present in a biological sample or solution. 
Such assays are based on the development of a colored product in the reaction solution. The 
reaction develops as the enzyme catalyzes Hbe conversion of a colorless chromogenic 
substrate to a colored product. 

Another assay useful in the present invention concerns determining the ability of a 
ligand to bind to a biological receptor utilizing a technique well known in the art referred to 
as a radioligand binding assay. This assay accurately determines the specific binding of a 
radioligand to a targeted receptor through the delineation of its total and nonspecific 
binding components. Total binding is defined as the amount of radioligand that remains 
following the r^id separation of the radioligand bound in a receptor preparation (cell 
homogenates or recombinate receptors) finm that which is unbound. The nonspecific 
binding component is defined as the amount of radioligand fiiat remains following 
sq>aration of the reaction mixtoie consisting of recq>tor, radioligand and an excess of 
unlabeled ligand. UioderfliiscQiidition, the only radioligand that remains rqnesents that 
which is bound, to components other that receptor. The specific radioligand bound is 
deterniined by subtracting the non^ecificfix>m total radioactivity bound. For a specific 
example of radioligand binding assay fi>r ^-opioid receptor, see Wang, J. B. et aL FEBS 
Letters 1994, 338,217. 
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Assays useful in the present invention concern determining the activity of recq)tors 
the activation of which initiates subsequent intraceUuIar events in which intracellular stores 
of calcium ions are released for use as a second messaiger. Activation of some G-protein- 
coupled receptors stimulates the formation of inositol triphosphate (TPS, a G-protein- 
coiqpled receptor second messenger) through phospholipase C-mediated hydrolysis of 
phosphatidylinositol, Betridge and Irvine (1984). Nature 312:315-21. IP3 in turn stimulates 
the release of intracellular calcium ion stores. 

A change in cytoplasmic calcium ion levels caused by release of calcium ions from 
intracellular stores is used to detennine G^tein-coiq>led receptor function. This is another 
type of indirect assay. Among G-protdn-coiq>led receptors are muscarinic acetylcholine 
receptors (mAChRX adrener^c receptors, sigma receptors, sootonin receptors, dopamine 
receptors, angjotenm iecq>t0rs, adoiosine receptors, faradykinin receptors, metabotropic 
exdtatory amino acid receptors and the like. Cells expressing such &-protdn-coiq)led 
receptors may exhibit increased cytoplasmic calcium levels as a result of contribution fix)m 
botii intraceUular stores and via activation of ion channels, in which case it may be desirable 
although not necessaiy to conduct such assays in calcium-fiee buffer, optionally 
supplemented with a chelating agent such as EGTA, to distinguish fluorescence resfponse 
resulting from calcium release fix>m internal stores. Another type of indirect assay involves 
determining the activity of receptors which, when activated, result in a change in the level 
of intracellular cyclic nucleotides, e.g., cAMP, cGMP. For example, activation of some 
dopamine, serotonin, metabotropic glutamate receptors and muscarinic acetylcholine 
receptors results in a decrease in the cAMP or cGMP levels of the cytoplasm. 

Furthramore, tfiae are cyclic nucleotide-gated ion channels, e.g., rod photoreceptor 
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adding a receptor-activatmg compound to the cells in tiie assay. Cell for this type of assay 
can be made by co-transfection of a host cell with DNA encoding a cyclic nucleotide-gated 
ion channel and a DNA encoding a receptor (e.g., certain metabotropic glutamate receptors, 
muscarinic acetylcholine receptors, dopamine receptors, serotonin receptors and the like, 
which, when activated, causes a change in cyclic nucleotide levels in the cytoplasm. 

Any cell expressing a receptor protein which is capable, iqjon activation, of directly 
increasing the intracellular concentration of calcium, such as by opening gated calcium 
channels, or indirectiy affecting the conceatration of intracellular calcium as by causing 
initiation of a reaction which utilizes Ca<2+> as a second messenger (e.g., G-protein- 
coiqpled lecqptors), may fimn tiie basis of an assay. Cells endogenously raqiressing such 
receptcHs or ion diannels and cells ^ch may be transfected with a suitable vector 
encoding one (n: more sudiceUsor&u^e proteins are laiown to those of skiU in tiie art . 
be identified by those of skill in the art Althoagh essentially any ceU which expresses 
autogenous ion channel and/or receptor activity may be used, it is preferred to use cells 
transformed or transfected with heterologous DNAs encoding such ion channels and/or 
receptors so as to express predominantiy a single type of ion channel or recqptor. Many 
cells that may be genetically engineered to express a heterologous cell surface protein are 
known. Such cells include, but are not limited to, baby hamster kidney (BHK) cells (ATCC 
No. CCLIO), mouse L cells (ATCC No. CCLL3), DG44 ceUs [see, Chasin (1986) Cell. 
Molec. Genet. 12:555] human embryonic kidney (EEK) cells (ATCC No. CRL1573), 
Chinese hamster ovary (CHO) cells (ATCC Nos. CRL9618, CCL61, CRL9096), PC12 cells 
(ATCC No. CRL1721) and COS-7 cells (ATCC No. CRL1651). Preferred cells for 
heterologous cell surfece protein expression are those tiiat can be readily and efficientiy 
transfected. Prefored cells include HEK 293 cells, such as tiiose described in U.S. Pat No. 
5,024,939. 

Any conqraund which is known to activate ion channels or receptors of interest may 
be used to initiate an assay. Choosing an sppmpnatB ion channel- or receptor-activating 
rea^t depending on die ion channel or receptor of interest is within the skill of tiie art 
Direct dqpolanzation of tiie ceU membrane to determine calcium channel activity may be 
accomplished by addmg a potassium salt solution having a concentration of potassium ions 
such that the final concentration of potassium ions in the cell-containing well is in tibe range 
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of about 50-150 mM (e.g., 50 mM KQ). Witii respect to ligand-gated receptors and ligand- 
gated ion chaimels, ligands are known which have afBnity for and activate such receptors. 
For example, nicotinic acetyloholine receptors are known to be activated by nicotine or 
acetylcholine; similarly, muscarinic and acetylcholine receptors may be activated by 
addition of muscarine or carbamylcholine. 

Agonist assays may be carried out on cells known to possess ion channels and/or 
receptors to deteimine y/hst effect if any, a conqraund has on activation or potentiation of 
ion channels or recq)tois of interest Agonist assays also may be carried out using a reagent 
known to possess ion channel- or recqrtor-activating capacity to detomine whether a cell 
expresses the respective fimctional ion channel or recq)tor of interest 

Contacting a functional receptor or ion channel with agonist typically activates a 
transient rBactioI^ and prolonged exposure to an agonist may desensitize the recq)tor or ion 
diamiel to subsequent activation. Thus, in general, assays for determining ion channel or 
receptor fimction should be initiated by addition of agonist (i.e., in a reagent solution used 
to initiate the reaction). The potency of a compound having agonist activity is determined 
by the detected change in some observable in the cells (typically an increase, altiiough 
activation of certain receptors causes a decrease) as compared to the level of the observable 
in either the same cell, or substantially identical cell, whidi is treated substantially 
identically except that reagent lacking the agonist (i.e., control) is added to the well. Where 
an agonist assay is performed to test \^eth»r or not a cell expresses the fimctional receptor 
or ion channel of interest, known agonist is added to test-cell-containing wells and to wells 
containing control cells (substantially identical cell that lacks the specific receptors or ion 
channels) and the levels of observable are compared. Depending on the assay, cells lackmg 
the ion channel and/or receptor of mterest should exhibit substantially no mcrease in 
observable in reqxmse to the known agonist A substantially identical cell may be derived 
from the same cells fiom which recomhinant cells are prq)ared but which have not been 
modified by introduction of heterologous DNA. Attemativety, it may be a cell in which the 
specific recq;>tors or ion channels are removed. Any statistically or otiierwise significant 
diETerence in the level of observable indicates that the test conq>ound has in some mannra 
altered the activity of the specific rec^tor or ion channel or that tiie test cell possesses fhe 
specific functional rec^tor or ion channel. 
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In an example of drug screening assays for identifying compounds which have the 
ability to modulate ion channels or receptors of interest, individual wells (or duplicate 
wells, etc.) contain a distinct cell type, or distinct recombinant cell line e5q)ressing a 
homogeneous population of a receptor or ion channel of interest, so that tibe compound 
having unidentified activity may be screened to determine whether it possesses modulatory 
activity with respect to one or more of a variety of functional ion channels or recq)tors. It is 
also contemplated that each of the individual wells may contain the same cell type so that 
multiple compomds (obtained fiom different reag^t sources in the apparatus or contained 
within different wells) can be screeDed and compared for modulating activity with respect 
to one particular receptor or ion channel type. 

Antagonist assays, including dnig sareening assays, noay be canied out by 
incubating cells having fimctional ion channels and/or receptors in the presence and absence 
of one or more conipounds, added to the solution bathing flie cells in the respective wells of 
the microtiter plate for an amount of time sufScient (to the extent fbat the conqpound has 
affinity for the ion channel and/or recq>tQr of interest) for the compound(s) to bind to the 
recq>tors and/or ion channels, then activating the ion channels or receptors by addition of 
known agonist, and measuring (he level of observable in (he cells as compared to the level 
of observable in either the same cell, or substantially identical cell, in the absence of the 
putative antagonist 

The assays are tiius uscM for rapidly screening compounds to identify those that 
modulate any receptor or ion channel in a cell. In particular, assays can be used to test 
functional ligand-recqptor or ligand-ion channel interactions for cell receptors including 
ligand-gated ion channels, voltage-gated ion channels, G-protein-coiq>led receptors and 
growth &ctor reciters. 

Those of ordinary skill in the art will recognize that assays may eDcon:q)as8 
measuring a detectable diange of a sohition as a consequence of a cellular event which 
allows a caxapaand, capable of differential characteristics, to change its characteristics in 
response to tiie cellular evaat. By selecting a particular compound which is enable of 
differential characteristics iq>Qn the occurrence of a cellular event, various assays may be 
performed. For example, assays for determining tiie capacity of a conqMund to induce cell 
injury or cell death may be carried out by loading (be cells with a pH-sensitive fluorescent 
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indicator such as BCECF (Molecular Probes, Inc., Eugene, Oreg. 97402, Catalog #BI150) 
and measuriDg cell injury or cell deafh as a ftnction of changing fluorescence over time. 

In a further example of useful assays, the function of receptors whose activation 
results in a change in the cyclic nucleotide levels of the cytoplasm may be directly 
determined in assays of cells that express such receptors and that have been injected with a 
fluorescent compound that changes fluorescence upon binding cAMP. The fluorescent 
conqjound comprises cAMP-depeodeot-protein kinase in which the catalytic and regulatory 
subunits are each labelled wifih a different fhiorescent-^e [Adams et aL (1991) Nature 
349:694-697]. When cAMP binds to fbs regolatoty subunits, tiie fluorescence emission 
spectrum changes; this change can be used as an indication of a change in cAMP 
concentration. 

The fimction of certain neurotransmitter transporters which are present at the 
synq;)tic cleft at the junction between two neurons may be determined by the development 
of fluorescence in the cytoplasm of such neurons ^en conjugates of an amine acid and 
fluorescent indicator (wherein flie fluorescent indicator of the conjugate is an acetoxymethyl 
ester derivative e.g., 5-(aminoacetamido)fluorescein; Molecular Probes, Catalog #A1363) 
are transported by the neurotransmitter transporter into the cytoplasm of the cell where tiie 
ester groiq) is cleaved by esterase activity and the conjugate becomes fluorescent 

la practicing an assay of Ibis type, a reporter gene construct is inserted rato an 
eukaryotic cell to produce a recombinant cell which has present on its surface a cell surface 
protein of a specific type. The cell sur&ce rec^tor may be endogenously expressed or it 
may be expressed from a heterologous geaae fliat has been introduced into the cell. Methods 
for introducing heterologous DNA into eukaryotic cells are-well known in the art and any 
sudi method may be used. In addition, DNA encoding various cell surface proteins is 
known to those of skill in the art or it may be cloned by any method known to those of skill 
in the art 

The recombinant cell is contacted with a test compound and flie level of reporter 
gene e^qxression is measured. The contacting may be effected in any vehicle and the testing 
may be by any means using any protocols, such as serial dilution, for assessing specific 
molecular intaactions known to fliose of skill in the art After contacting tbe recombinant 
cell for a sufficient time to effect any interactions, the level of gene esqiression is measured. 
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The amount of time to e£kct such mtffl:actions may be empirically determined, such as by 
nmning a time course and measuring the level of transcrqition as a Jfimction of time. The 
amount of transcription may be measured using any method known to those of skill in die 
art to be suitable. For example, specific mRNA expression may be detected using Northem 
blots or specific protein product may be identified by a characteristic stain. The amount of 
transcription is tiien compared to the amount of transcription in eitiier the same cell in the 
absence of the test confound or it may be CQnq)ared with the amount of transcription in a 
substantiaUy identical cell that lacks Ihe specific lecqptois. A substantially identical cell 
may be derived finm the same cells &am vfbaxii tiie recombinant cell was prepared but 
which had not been modified by introduction of heterologous DNA. Alternatively, it may 
be a cell in which the specific recq>tors are removed. Any statistically or otherwise 
significant difference in the amount of transcription indicates that the test compound has in 
some manner attuned tibie activity of the specific receptor. 

If the test contpound does not appear to enhance, activate or induce the activity of 
the cell surfiice protein, the assay may be repeated and modified by the introduction of a 
step in which the recombinant cell is first tested fin: Ihe ability of a known agonist or 
activator of the specific receptor' to activate transcription if the transcription is induced, Has 
test compound is then assayed for its ability to inhibit, block or otherwise affect the activity 
of the agonist 

The transcription based assay is useful for identifying compounds that intraact with 
any cell sur&ce protein whose activity ultimately alters gene expression. In particular, the 
assays can be used to test fimctional Ugand-receptor or Ugand-ion channel intoiactions for a 
number of categories of cell sur&ce-localized receptors, including: ligand-gated ion 
channels and voltage-gated ion channels, and G protein-coiq>led receptors. 

Any transfectable cell that can express the deshred cell sur&ce protein in a manner 
sudi the protein fimctions to intracellulariy transduce an extracellular signal may be used. 
The cells may be selected such that tiiey endogenously fsxpreaa the cell surfiice protem or 
may be genetically engmeered to do so. Many such cells are known to those of skill in the 
art Such cells include, but are not limited to Ltic< - > cells, PC12 cells and COS-7 cells. 

The prq>aration of cells which express a receptor or ion channel and a rqiarter gaae 
exicression construct, and which are usefiil for testing confounds to assess tiieir activities. 
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is exemplified in the Examples provided herewith by reference to mammalian Lfc< - > and 
COS-7 cell lines, which ejq)ress the Type I human muscarinic (HMl) receptor and which 
are transformed with either a c-fos promoter-CAT reporter gene expression construct or a c- 
fos promoter-luciferase reporter gene expression construct. 

Any cell surface protein that is known to those of skill in the art or that may be 
identified by those of skill in the art may used in the assay. The cell sur&ce protein may 
endograiously expressed on Ihe sele(^ cell or it may be expressed &om cloned DNA. 
ExeizqplaryceUsur&ceim>tems include, but are not limited to, ceUsur&ce^^ . 
ion channels. Cell sat&ce iecq>tors inchide, but are not limited to, muscarinic receptors 
(e.g.„ human M2 (GenBank accession #M16404); rat M3 (GenBank accession #\f 16407); 
human M4 (GenBank accession #M1640S); human MS (Bonner et al. (1988) Neuron 1:403- 
410); and fiie like); neuronal nicotinic acetylcholine receptors (e.g., the alpha 2, a^ha 3 and 
beta 2 subtypes Closed in U.S. Ser. No. 504,455 (filed Apr. 3, 1990), hereby eaqxressly 
incorporated by reference herein in its entirety); the rat ai^ha 2 subunit (Wada et al. (1988) 
Science 240:330-334); the rat alpha 3 subunit (Boulter et al. (1986) Nature 3 19:368-374); . 
the rat alpha 4 subunit (Goldman et al. (1987) cell 48:965-973); the rat alpha 5 subunit 
(Boulter et al. (1990) J. Biol. Cham. 265:4472-4482); the rat beta 2 subunit (Deneris et al. 
(1988) Neuron 1 :45-54); the rat beta 3 subunit (Deneris et al. (1989) J. Biol. Chem. 264: 
6268-6272); the rat beta 4 subunit (Duvoisin et al. (1989) Neuron 3:487-496); combinations 
of the rat alpha subunits, beta subunits and a^ha and beta subunits; GABA receptors (e.g., 
the bovine alpha X and beta 1 subunits (Schofield et al. (1987) Nature 328:221-227); the 
bovine alpha 2 and alpha 3 subunits.(Levitan et al. (1988) Nature 335:76-79); the gamma - 
subunit (Pritchett et al. (1989) Nature 338:582-585); the beta 2 and beta 3 subunits (Ymer et 
alo (1989) EMBO J. 8:1665-1670); the delta subunit (Shivers, B.D. (1989) Neuron 3:327- 
337); and the like); ghitamate receptors (e.g., receptor isolated fiom rat brain (Holhnann et 
al. (1989) Nature 342:643-648); and the like); adrenergic receptors (e.g., human beta 1 
(FrieUe et aL (1987) Proc. Natl. Acad. Sd. 84.:7920-7924); human alpha 2 (Kobilka et al. 
(1987) Science 238:650-656); hamster beta 2 (Dixon et al. (1986) Nature 321 :75-79); and 
the like); dopamine receptors (e.g., human D2 (Stormann et al. (1990) Molec. Phaim.37:l- 
6); rat (Bunzow et aL (1988) Nature 336:783-787); and the like); NGF receptors (e.g., 
human NGF receptors (Johnson et al. (1986) Cell 47:545-554); and the like); serotonin 
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receptors (e.g., human 5HTla (Kobilka et al. (1987) Nature 329:75-79); rat 5HT2 (Julius et 
al. (1990) PNAS 87:928-932); rat SHTlc (Julius et al. (1988) Science 241:558-564); and the 
like). 

Reporter gene constructs are pr^ared by operatively linking a reporter gene with at 
least one transcriptional regulatory element If only one transcriptional regulatory element is 
included it must be a regulatable promoter. At least one of the selected transcriptional 
regulatory elanents must be indirectly or directly regulated by tiie activity of the selected 
cell-sar£ice receptor hereby activity of the receptor can be monitored via transcription of 
die rqxirter goies. 

The construct may contain additional transcrq>tional regulatory elements, sudi as a 
FIRE sequence, or otho^ sequence, fliat is iiot iiecessarily regulated by ^ 
protem, but is selected for its ability to reduce background level transcription or to ampUfy 
the transduced signal and to therd)y imaease the sensitivity and reliability of the assay. 

Many reporter genes and transcriptional regulatoty elements are known to those of 
skill in the ait and others may be identified or synthesized by methods knoym to tfiose of 
skill in the art 

A reporter gene includes any gene that expresses a detectable gene product, which 
may be RNA or protein. Preferred reporter genes are those that are readily detectable. The 
reporter gene may also be included in the construct in the form of a fusion gene with a gene 
that includes desired transcriptional regulatory sequences or exhibits otiier desirable 
properties. 

Exarrq)les of reporter genes include, but are not limited to CAT (chloramphenicol 
acetyl transferase) (Alton and V^nek (1979), Nature 282: 864-869) lucifiarase, and otiier 
enzyme detection systems, such as beta-galactosidase; firefly luciferase (deWet et aL 
(1987), Mol. Cell BioL 7:725-737); bactoial ludf^ase O^ngebrecht and Silverman (1984), 
PNAS 1: 4154-4158; Baldwin et aL (1984), Biochemisby 23: 3663-3667); alkaline 
phosphatase (Toh et aL (1989) Bur. J. Biochem. 182: 231-238, Hall et aL (1983) J. MoL 
AppL Gen. 2: 101). 

Transcrq>tional control elements iniclude, but are not limited to, promoters, 
enhancers, arid repressor and activator bindiiig sites, Smtable transcription^ regulate 
elemoits may be derived firom the transcriptional regulatory regions of genes whose 
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expression is rq>idly induced, geaoally within minutes, of contact between the cell sur&ce 
protein and ihe effector protein that modulates tbe activity of the cell surface protein. 
Examples of such genes include, but are not limited to, the immediate early genes (see, 
Sheng et al. (1990) Neuron 4: 477-485), such as c-fos. Immediate early genes are genes that 
are n^idly induced vspon binding of a ligmd to a cell sur&ce pioteui. The transcriptional 
control elements that are preferred for use in the gene constructs include transcriptional 
control elements fiom immediate early genes, elonents derived from other genes that 
exhibit some or all of the characteristics of the immediate early genes, or synthetic elements 
that are constracted such that genes in operative linkage tiierewith exhibit such 
characteristics. The charactBiistics of piefexred genes from which the transcriptional control 
elements are derived inchide, but are not limited to, low or undetectable expKsa.on in 
quiescent cells, rapid induction at tihe transcriptional level within minutes of exbacellular 
simulation, induction that is transient and independent of new protein synthesis, subsequent 
shut-off of transcription requires new proton synthesis, and mRNAs transcribed fiom these 
graies have a short half-life. It is not necessary for all of these properties to be present. 

In vivo Activity Assays 

Various racperimental procedures, well known in tiie art, are useful m the presoat 
invention to assess the analgesic effect of compounds, such as the "tail flick" and "hot 
plate" tests. The "tail flick" test can be performed by applying a noxious tiiermal stimulus 
to the rat's tail and determining the time until the nociceptive tail flick occurs. Analgesia is 
demonstrated by an increase in time to occurrmce of a tail flick response. The 'liot plate" 
test is snnilariy performed, excqpt that fbs noxious tiietmal stimulus is ^lied to the rat's 
paws. 

An experimental procedure, well known in the art, useful in the presrait inv^tion to 
assess the ability of compounds to cause respiratory depression is to manitor blood gases. 
This method employees measuring the partial pressures of oxygen and carbon dioxide in 
blood samples taken fiom animals following conq)ound administratioiL A decrease in the 
partial pressures of oxygrai and an increase in flie partial pressure of carbon dioxide may be 
indicative of respiratory depression. 
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An experimental procedure, well known in the art, iisefiil in the present invention to 
assess the ability of compounds to cause inhibition of gastrointestinal motihty is the 
"charcoal meal tesf *. This mefliod measures the propulsion of intestinal contents following 
administration of test compounds. A decrease in the propulsion of intestinal contents may 
be mdicative of inhibition of gastrointestinal motility. 

Various e:q)erimental procedures, well known in the art, are usefiil in the present 
invention to assess the ability of compounds to cause tolerance. Tolerance can be defined 
as a condition characterized by unresponsiveness or decreased responsiveness following 
prolonged or multiple cxposiare to a compound canq>ared to the responsiveness 
demonstrated xtpon. initial exposure. 

Various e}q)aimental procedures, weU known in tiie ait, aie useful in the present 
invention to assess tilie ability of compounds to cause ph^cal dq)endence. In Qie present 
invention, the ability of test conqx>unds to cause physical d^endence was accessed by 
giving animftls ^Jilating dnaftt nf test cnmpminds far five days. After the final dose the 
animals were given naloxone, an opioid antagonist and observed for behavioral signs of 
dependence, such as vertical junq>ing. 

Pharmaceutical Compositions 

In another aspect, the present invention provides phaimaceutically acceptable 
coir^ositions which comprise a therz^utically-effective amoimt of one or more of the 
compounds described above, formulated together with one or more pharmaceuticaUy 
acceptable carriers (additives) and/or diluents. As described in detail below, Hhe 
pharmaceutical compositions of the present invention may be specially formulated for 
administration in solid or liquid fcnm, including fliose adapted for the following: (1) oral 
administration, for exanq>le, drooches (aqueous or non-aqueous solutions or suspensions), 
tablets, e.g., those targeted for buccal, sublingual, and systemic absorption, boluses, 
powders, granules, pastes for iq;>plication to the tongue; (2) parenteral adminisbation, for 
eixanq>le, by subcutaneous, intramuscular, intravenous or epidural iiijection as, for example, 
a sterile solution or suspension, or sustained-release formulation; (3) topical ^Ucation, for 
eacample, as a cream, ointment, or a controlled-release patch or spray appUed to the skii^ (4) 
intravaginally or intrarectaUy, for example, as a pessary, cream or foam; (5) sublingually; 
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(6) ocularly; (7) transdennally; or (8) nasally. 

The phrase "therapeutically-efiFective amount" as used herein means that amount of 
a compound, material, or composition comprising a compound of the present invention 
which is effective for producing some desired therapeutic effect in at least a sub-population 
of cells in an animal at a reasonable benefit/risk ratio apphcable to any medical treatment. 

The phrase "pharmaceutically acceptable" is employed herein to refer to those 
cQnq;)ounds, materials, compositions, and/or dosage forms which are, within the scope of 
sound medical judgment, suitable for use in contact with the tissues of human beings and 
animals without excessive toxicity, iiritatian, allergic lesponse, or other problem or 
conplicatian, commensuiate wi& a reasonable benefit/risk ratio. 

The phrase "phatmaceutically-accq)table carrier" as used herein means a 
phatmaceutically-accq>table material, composition or vehicle, such as a liquid or solid 
filler, dihient, exdtpiait, or solvent encf^sulating material, involved in cattying or 
transporting the subject compound fiom one organ, or portion of the body, to anotiier organ, 
or portion of the bod/. Each carrier must be "acceptable" in the sense of being compatible 
witii tiie o&BT ingredients of tiie formulation and not injurious to the patient Some 
examples of materials which can serve as phannaceutically-acceptable carriers include: (1) 
sugars, such as lactose, glucose and sucrose; (2) starches, such as com starch and potato . 
starch; (3) cellulose, and its derivatives, such as sodium carboxymethyl cellulose, ethyl 
cellulose and cellulose acetate; (4) powdered tragacanth; (5) malt; (6) gelatin; (7) talc; (8) 
exdpients, such as cocoa butter and suppository waxes; (9) oils, such as peanut oil, 
cottonseed oil, safQower oil, sesame oil, olive oil, com oil and soybean oil; (10) glycols, 
such as propylene glycol; (11) polyols, such as glycerin, sorbitol, maimitol and 
polyediylene glycol; (12) estors, such as etiiyl oleate and ediyl lauxate; (13) agar, (14) 
buffering stents, such as magnesium hydroxide and aluminum hydroxide (IS) alginic acid; 
(16) pyrogen-firee water, (17) isotonic saline; (18) Ringer's sohition; (19) ethyl alcohol; (20) 
pH buffered solutions; (21) potyesters, potycaibonates and/or polyanhydrides; and (22) 
otho- non-toxic compatible substances employed in pharmaceutical formulations. 

As set out above, certain embodiments of the present conq)ounds may contain a 
basic fonctional groiq), such as amino or alkylanuno, and are, thus, arable of fomung 
phannaceutically-acceptable salts with phannaceutically-acceptable adds. Thetom 
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"phannaceutically-acceptable salts" in this tespect, refers to the relatively non-toxic, 
inorganic and organic acid addition salts of compounds of the present invention. These 
salts can be prepared in situ in the administration vehicle or the dosage form manufacturing 
process, or by separately reacting a purified compound of the invention in its firee base form 
with a suitable organic or inorganic acid, and isolating the salt thus formed during 
subsequent purification. Rq)resentative salts include the hydrobromide, hydrochloride, 
sulfate, bisulfete, phosphate, nitrate, acetate, valerate, oleate, paJmitate, stearate, laurate, 
benzoate, lactate, phosphate, tosylate, dtrate, maleate, fiunarate, succinate, tartrate, 
napthylate, mesylate, glucoheptonat^ lactobionate, and lauiylsolphonale salts and the like. 
(See, for example, Berge et al. (1977) "Phannaceutical Salts", J. Pharm. ScL 66: 1-19) 

The phanuaceutically acceptable salts of tiie subject conq>ounds include Has 
conventional nontoxic salts or quatemaiy ammonium salts of ttie compounds, e.g., jBx)m 
non-toxic oigaoic or inorganic acids. For example, such conventional nontoxic salts 
include those derived fixnn inorganic adds such as hydrochloride, hydrobromic, sulfiiric, 
sul&mic, phosphoric, nitric, and the like; and the salts prq>ared fiom organic adds such as 
acetic, propionic, sucdnic, glycolic, stearic, lactic, malic, tartaric, dtric, ascorbic, palmitic, 
maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, salicyclic, sul&nilic, 2- 
acetoxybenzoic, fomaric, toluenesiilfonic, metiianesulfonic, ethane disulfonic, oxalic, 
isothionic, and the like. 

In other cases, the compounds of the present invention may contain one or more 
acidic functional groiq)s and, thus, are capable of forming phannaceutically-acceptable salts 
with phatmaceutically-acceptable bases. The term "phannaceutically-acceptable salts" m 
these instances refers to the relatively non-toxic, inorganic and organic base addition salts 
of conqraunds of Ibe present invention. These salts can likewise be prepared in jn'£u in the 
administration vehicle or flie dosage form mannfactming process, or by separately reacting 
tiie purified conqwund in its fiee add form wifli a suitable base, such as the hydroxide, 
carbonate or bicarbonate of a phatmaceutically-acceptable metal cation, with ammonia, or 
with a phannaceutically-acceptable organic primary, secondary or tertiary amine. 
R^resenlative alkali or alkaline eartii salts include the lithium, sodium, potassium, caldum, 
magnesium, and aluminum salts and tiie like. Rqnresentative organic amines usefiil for the 
formation of base addition salts include ethylamine, diethylamine, ethylenediamin^ 
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eSumolamine, dielhanolamine, piperazine and the like. (See, for example, Berge et al., 

Wetting agents, emulsifiers and lubiicante, such as sodium lauryl sulfate and 
magnesium stearate, as well as coloring agents, release agents, coating agents, sweetening, 
flavoring and perfimiing agents, preservatives and antioxidants can also be present in the 
compositions. 

Exaiiq;>les of phaimaceiiticaUy-accq>table antioxidants include: (1) water soluble 
aotioxidants, suc^ as ascQibic add, cysteine hydcocUoiide, sodum bisul&te, 
metabisDlfite, sodium sulfite and flie lik^ (2) oil-soluble antioxidants, such as ascoibyl 
palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin, 
propyl gaUate, aJpha-tocophm)!, and the lite; and (3) metal chelating agents, such as dttic 
add, ethylenediamine tetraac^c add (EDTA), soibitol, tartaric add, phosphoric acid, and 
the like. 

Formulations of the present invention include tiiose suitable fin: oral, nasal, topical 
(mcluding buccal and sublingualX rectal, vaginal and/or parenteral administration. The 
formulations may convraiiraitly be presented in unit dosage form and may be prepared by 
any methods well known in the art of pharmacy. The amount of active ingredient which 
can be combined with a canier material to produce a single dosage form will vary 
depending iq>on the host being treated, the particular mode of administration. The amount 
of active ingredient which can be combined with a carrier material to produce a single 
dosage form will generally be that amount of the compound which produces a tiierapeutic 
effect Generally, out of one hundred per c&st, tiiis amoxmt will range fix>m about 1 per cent 
to about ninety-nine percent of active ingredient, preferably ftom about 5 per cent to about 
70 per cent, mostprefearably fiom about 10 per cent to about 30 par cent 

la certain embodiments, a finmulation of the present invention comprises an 
excq)ient selected fiom die group consisting of cyclodextrins, liposomes, micelle fi)iming 
agents, e.g., bile adds, and polymeric carriers, e.g., polyesters andpolyanhydrides; and a 
compound selected fiom the ffoap consisting of tiie conq>ounds represented by A, B, C, D, 
E, and F, and any of the attoidant sets of definitions. In certain embodiments, an 
afi}r«nentioned formulation raiders orally bioavailable a confound rqyreseaited by A, B, 
C, D, £, or F, and any of the atteodant sets of definitions. 
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Methods of preparing these fonmilatioiis or compositions include the step of 
brin^g into association a compound of the present invention witii the carrier and, 
optionally, one or more accessory ingredients. In general, the formulations are prepared by 
uniformly and intimately bring^g into association a compound of the present invention 
with liquid carriers, or finely divided solid carriers, or both, and then, if necessary, shaping 
the product 

Formulations of the invention suitable for oral administration may be in the form of 
cq)sules, cachets, pills, tablets, lozenges (using a flavored basis, usually sucrose and acacia 
or ttagacanih), powders, granules, or as a solution or a suspension in an aqueous or non- 
aqueous liquid, or as an oil-in-water or water-in-oil liquid emulsion, or as an elixir or synq), 
or as pastilles (using an inert base, such as gelatin and glycoin, or sucrose and acacia) 
and/or as mouth washes and tibe like, each containing a predetermined amount of a 
con^)0^md of the presoit invention as an active ingredient A compound of the present 
invention may also be administered as a bolus, electuary or paste. 

In solid dosage forms of tfie invention for oral administration (cq)sules, tablets, 
pills, dragees, powders, granules and tbe like), the active ingredient is mixed with one or 
more pharmaceutically-acceptable carriers, such as sodium citrate or dicalcium phosphate, 
and/or any of the following: (1) fillers or extenders, such as starches, lactose, sucrose, 
glucose, maimitol, and/or silicic acid; (2) binders, such as, for example, 
caiboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia; (3) 
humectants, such as glycerol; (4) disintegrating agents, such as agar-agar, calcium 
caibonate, potato or t^ioca starch, alginic acid, certain silicates, and sodium carbonate; (5) 
solution retarding agents, such as parafBn; (6) absorption accelerators, such as quaternary 
ammonium coiiq[>ounds; (7) wetting agents, such as, for example, cetyl alcohol, glycerol 
monostearate, and non-ionic sur&ctants; (8) absorbents, such as kaolin and bmtonite ck^ 
(9) lubricants, such a talc, calcium steaiate, magnesium stearate, solid polyethylene glycols, 
sodium lauryl sulfiite, and mixtures thereof, and (10) coloring agents. In the case of 
capsules, tablets and pills, the pharmaceutical compositions may also comprise buffering 
agents. Solid compositions of a sinailar type may also be eoo^Ioyed as fillers in soft and 
haid-shelled gelatin cjqpsules using such exdpiaits as lactose or milk sugars, as well as high 
molecular weight polyethylene ^ycols and fiie fike. 
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A tablet may be made by compression or molding, optionally with one or more 
accessory ingredients. Compressed tablets may be prepared using binder (for example, 
gelatin or hydroxypropyhnethyl cellulose), lubricant, inert diluent, preservative, disintegrant 
(for example, sodium starch glycolate or cross-linked sodium carboxymethyl cellulose), 
surface-active or dispersing agent. Molded tablets may be made by molding in a suitable 
machine a mixture of the powdered compoimd moistened with an inert liqiiid diluent 

The tablets, and othor solid dosage forms of the pharmaceutical compositions of the 
present invention, such as dragees, c^sules, pills and granules, may optionally be scored or 
prepared with coatings and shells, such as enteric coatings and other coatings well known in 
Ihe phaimaceatical-finmulating art They may also be formulated so as to provide slow or 
contiDlled release of tilie active ingredient tfaerein using, for example, hydroxypropylmethyl 
cellulose in varying proportians to provide the desired release profile, other polymer 
matrices, liposomes and/or midpspheres. They may be formulated for nqpid release, e.g., 
fieeze-dried. They may be sterilized by, for example, filtration through a bacteria-retaining 
filter, or by incorporating sterilizing agents in the form of sterile solid compositions which 
can be dissolved in sterile watra*, or some other sterile injectable medium immediately 
before use. These compositions may also optionally contain opacifying agents and may be 
of a composition that they release the active ingredient(s) only, or preferentially, in a certain 
portion of the gastrointestinal tract, optionally, in a delayed manner. Examples of 
embedding compositions which can be used include polymeric substances and waxes. The 
active ingredient can also be ia micro-encqisulated form, if appropriate, with one or more 
of tiie above-described excipients. 

Liquid dosage forms for oral administration of the compoimds of the invention 
include pharmacoitically acceptable emulsions, microemulsions, solutions, suspensions, 
syrups and elixirs. In addition to tiie active ingredioit, the liquid dosage forms may contam 
inert diluents commonly used in tiie art, such as, for exavaple, water or other solvents, 
solubilizing agents and emulsifiers, sudti as eOiyl alcohol, isopropyl alcohol, ediyl 
carbonate, ethyl acetate, ben^l alcohol, benzyl benzoate, propylene glycol, 1,3-butylene 
glycol, oils (in particular, cottonseed, groundnut, com, germ, olive, castor and sesame oils), 
glycerol, tetrahydrofinyl alcohol, polyethylene gilycols and fiitty add esters of soibitan, and 
noixtures thereof 
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Besides inert diluraits. Hie oral compositions can also include adjuvants such as 
wetting agents, emulsifying and suspending agents, sweetening, flavoring, coloring, 
perfuming and preservative agents. 

Suspensions, in addition to the active con]|>ounds, may contain suspending agents 
as, for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan 
esters, microcrystalline cellulose, aluminum metahydrcndde, boitonite, agar-agar and 
tragacanfh, and mixtures thereof. 

Formulations of flie phaimaceotical conqiositians of the invention for rectal or 
vaginal administration may be piresented as a suppository, which may be prq)ared by 
mixing one or noiore conq)ounds of the invention with one or more suitable nonirritating 
excqnents or carriers comprising, £at exanq>Ie, cocoa butter, polyetfayloie glycol, a 
siq)pository wax or a salicylate!, and which is solid at room temperature, but liquid at body 
tempaataxe and, tiierefore, will melt in the rectum or vagmal cavity and release the active 
compound. 

Formulations of the present invention which are suitable for vaginal administration 
also include pessaries, tampons, creams, gels, pastes, foams or spray formulations 
containing such carriers as are known in the art to be qjpropriate. 

Dosage forms for the topical or transdermal administration of a compoimd of this 
invention include powders, sprays, ointments, pastes, creams, lotions, gels, solutions, 
patches and inhalants. The active compound may be mixed under sterile conditions with a 
phannaceatically-acceptable carrier, and with any preservatives, buffers, or propellants 
which may be required. 

The ointments, pastes, creams and gels may contain, in addition to an active 
compound of this invention, excqiieaits, such as animal and vegetable fats, oils, waxes, 
paraEBns, starch, tragacantii, cellulose derivatives, polyethylene glycols, silicones, 
bentonites, silicic add, talc and zinc oxide, or mixtures thereof. 

Powdexs and spays can contain, in addition to a conqwund of this invention, 
excq)i«its such as lactose, talc, silicic add, ahiminum hydroxide, caldum silicates and 
polyamide powder, or mixtures of tiiese substances. Sprays can additionally contain 
customary propellants, such as ddoiofluorohydrocaibons and volatile unsubstituted 
hydrocarbons, such as butane and propane. 
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Transdeimal patehes have the added advantage of providing controlled delivery of a 
compound of Hhe present invention to the hody. Such dosage forms can be made by 
dissolving or dispersing the compound in Ihe proper medium. Absorption enhancers can 
also be used to increase the flux of the compound aoross the skin. The rate of such flux can 
be controlled by eitho: providing a rate controlling membrane or dispersing the compound 
in a polymer matrix or gel. 

Ophthalmic fimnolations, eye ointments, powders, solutions and the like, are also 
cQnteDq>laited as beiiig wiHun the scope of this invention. 

Pharmaceutical coiiq>ositions of Ms invention suitable for parenteral admmisttHtion 
coniprise one or more coII^K)unds of the invention m combination with one or more 
phannaceuticalty-accqptable sterile isotonic aqueous or nonaqueous solutions, disposions, 
suspensions or onulsians, or sterile powders which may be reconstituted into sterile 
irijectable solutions or dispersions just prior to use, which may contain sugars, alcohols, 
antioxidants, buffers, bacteriostals, solutes ^ch render the formulation isotonic with the 
blood of the intended recq>ient or su^ending or thickening agents. 

Examples of suitable aqueous and nonaqueous carriers which may be employed in 
the pharmaceutical compositions of the invention include water, ethanol, polyols (such as 
glycerol, propylene glycol, polyethylene glycol, and ihe like), and suitable mixtures thereoi^ 
vegetable oils, such as olive oil, and injectable organic esters, such as ethyl oleate. Proper 
fluidity can be maintained, for example, by the use of coating materials, such as lecithin, by 
the maintenance of the required particle size in the case of dispersions, and by the use of 
sur&ctants. 

These compositions may also contain adjuvants such as preservatives, wetting 
agraits, emulsifying agents and disposmg agents. Prevention of the action of 
microorganisms iqxm the subject coiqwunds may be ensured by the inclusion of various 
antibacterial and anti&ngal agents, for example, paraben, chlorobutanol, phenol sori)ic add, 
and the lika It may also be desirable to include isotonic agaits, such as sugars, sodium 
chloride, and the like into tiie compositions. In addition, prolonged absorption of the 
injectable phannacoitical form may be brought about by the inclusion of agents which 
delay absorption such as aluminum monostearate and gelatiiL 
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In some cases, in order to prolong the effect of a drug, it is desirable to slow the 
absorption of the drug firom subcutaneous or intramuscular injection. This may be 
accomplished by the use of a liquid suspension of crystalline or amorphous material having 
poor water solubility. The ratis of absorption of ttie drug then depends upon its rate of 
dissolution which, in turn, may depend upon crystal size and crystalline form. 
Alternatively, delayed absorption of a parenterally-administered drug form is accoinplished 
by dissolving or suspending drug in an oil vehicle. 

Injectable depot forms are made by forming microenc{q)sule matrices of ibs subject 
con^raunds in biodegradable polymers such as polylactide-polygjiycolide. Dqioidingon 
tibie ratio of drug to polymer, and the natore of the particular polymer employed, tiie rate of 
dn^ release can be controlled. Exainples of o&er biodegradable polymers include 
polyCor&oesteirs) and poly(anhydiides). Dq)ot injectable formulations are also prepared by 
entr^ing ttie drug in ^posomes or microemulsions which are con^atible with body tissue. 

When the compounds of the present invention are administered as pharmaceuticals, 
to humans and animals, they can be given per se or as a pharmaceutical composition 
containing, for example, 0.1 to 99.5% (more preferably, 0.5 to 90%) of active ingredient in 
combination with a pharmaceutically acceptable carrier. 

The preparations of tiie preset invention may be given orally, parenterally, 
topically, or rectally. They are of course givoi in forms suitable for each administiration 
route. For example, they are administered in tablets or c^sule form, by injection, 
inhalation, eye lotion, ointment, suppository, etc. administration by injection, infusion or 
inhalation; topical by lotion or ointment and rectal by suppositories. Oral administrations 
are preferred. 

The phrases "parent^ administration" and "administered parenterally" as used 
herein means modes of admimstration other fbaa enteral and topical administration, usually 
by ii^ection, and includes, witiiout limitation, intravenous, intramuscular, intraarterial, 
intrathecal, intracq>sular, intraorbital, mtracardiac, intradermal, intr^oitoneal, 
transtracheal, subcutaneous, subcuticular, intraarticular^ subcapsular, subarachnoid, 
intraspinal and intrastemal injection and infiisioiL 

The phrases "systemic administration," "administered systemically," "peripheral 
adminisbation" and "administered peripherally" as used herein mean the administration of a 
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compound, drug or ofh^ matraial other than directly into the central nervous system, such 
that it enters the patient's system and, thus, is subject to metabolism and otiier like 
processes, for example, subcutaneous administration. 

These compounds may be administered to humans and other animals for therapy by 
any suitable route of administration, including oraUy, nasally, as by, far example, a ^ray, 
rectally, intravaginally, parenterally, intracistemally and topically, as by powders, ointments 
or drops, including buccally and siiblingually. 

Regardless of the loate of administration selected, the compounds of the present 
inveotian, which may be used m a suitable hydiated finm, and/or the pharmaceutical 
conq>ositions of tiie present invention, are formulated into pharmaceutically-accqitable 
dosage fonns by conventional methods Imown to those of skill in the art. 

Actual dosage levels of the active ingredients in the pharmaceutical coiiq)ositiQns of 
this invention may be varied so as to obtain an amount of ttie active ingredient which is 
effective to achieve the desired tiier^eutic response fi>r a particular patient, composition, 
and mode of administration, without being toxic to ttie patient 

The selected dosage level will depend vpaa a variety of fiictors including fbs- 
activity of the particular compound of the present invention employed, or the ester, salt or 
amide thereof, tiie route of administration, &e time of adminishration, the rate of accretion 
or metabolism of the particular compound being employed, the duration of the treatment, 
other drugs, compounds and/or materials used in combination with the particular compound 
employed, the age, sex, weight, condition, general health and prior medical history of the 
patient being treated, and like &ctors well known in the medical arts. 

A physician or veterinarian having ordinary skill in the art can readily detemiine and 
prescribe the effective amount of the pharmaceutical composition required. For example, 
ihe physician or veterinarian could start doses of die compounds of the invention employed 
in the phannacoitical composition at levels lower than diat required in order to achieve the 
desned tiieac^utic effect and gradually increase the dosage until the desired effect is 
achieved. 

La general, a suitable daily dose of a compound of the invention will be that amount 
of the compound whi^ is tiie lowest dose effective to produce a thexapea&c effect Such an 
effective dose will generally depend upon the &ctors described above. Generally, 
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intravenous, intracercbiDV^tricuIar and subcutaneous doses of flie compounds of this 
invention for a patient, when used for the indicated analgesic effects, will range fiom about 
0.0001 to about 100 mg per kilogram of body weight per day. 

If desired, the effective daily dose of the active conq)ound may be administered as 
two, djree, four, five, six or more sub-doses administered s^arately at appropriate intervals 
throughout the day, optionally, in unit dosage forms. 

While it is possible for a compomid of tiie present invention to be administCTed 
alone, it is preferable to administer the compound as a pharmaceutical formulation 
(composition). 

In another aspect Hob present invention provides phannaceutically acceptable 
compositions which compiise a tiiier!q[>eutically-e£fective amotmt of one or more of the 
subject compounds, as described above, formulated together with one or more 
phannaceutically accq>table earners (additives) and/or diluents. As described in detail 
below, the pharmaceutical compositions of the present invention may be specially 
formulated for administration in solid or liquid form, including those adapted for the 
' following: (1) oral administration, for example, drenches (aqueous or non-aqueous solutions 
or suspensions), tablets, boluses, powders, granules, pastes for application to the tongue; (2) 
parenteral administration, for exanq>le, by subcutaneous, intramuscular or intravenous 
injection as, for exanqple, a sterile solution or su^eosion; (3) topical application, for 
example, as a cream, ointment or spray sppUed to the skin, lungs, or oral cavi^ or (4) 
intravaginally or intravectally, for example, as a pessary, cream or foam; (S) sublingually; 
(6) ocularly; (7) transdermally; or (8) nasally. 

The compounds according to tiie invention may be formulated for administration in 
any convenient way for use m human or v^erinary medicine, by analogy witii otiier 
pharmaceuticals. 

The term "treatment" is intended to mcompass also prophylaxis, fbetapy and cure. 

The patient receiving tiiis treatment is any animal in need, including primates, in 
particular humans, and other mammals such as equines, cattie, swine and sheep; and poultry 
and pets in generaL 

The compound of the invention can be administered as such or in admixtures with 
phaimaceutically acc^table carriers and can also be administered in conjunction with 
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antimiorobial agents such as praucillins, cephalosporins, aminoglycosides and 
glycopeptides. Conjiinctive therapy, thus includes sequential, simultaneous and separate 
administration of the active compoimd in a way that the ther^eutical effects of the first 
administered one is not entirely dis^peared when the subsequent is administered. 

The addition of the active compound of tiie invention to animal feed is preferably 
accomplished by preparing an ^ropriate feed premix containing the active compound in 
an eEfective amount and incorporating die premix into the complete ration. 

Alternatively; an intermediate concentrate or feed supplement containing the active 
ingredient can be bloided into the feed. The way in which such feed premixes and 
conqilete rations can be prepared and administered are described in reference books (such 
as "Applied Animal Nutrition", WJEL Fieedman and CO., San Frandsco, U.S A., 1969 or 
"Livestock Feeds and Feeding" O and B books, Corvallis, Ore., U.S A., 1977). 

CQmbinatoiiat lUiraries 

The subject reactions readily lend themselves to die creation of combinatorial 
libraries of compounds fiir the screening of pharmaceutical, agrochemical or other 
biological or medically-related activity or material-related qualities. A combinatorial 
library for the purposes of die present invention is a mixture of chemically related 
compounds which may be screened together for a desired property; said libraries may be in 
solution or covalently linked to a solid si^port The preparation of many related 
compounds in a single reaction greatly reduces and simplifies the number of screening 
processes which need to be carried out Screening for the expropriate biological, 
pharmaceutical, agrochraiical or physical property may be done by conventional methods. 

Diversity in a library can be created at a variety of different levels. For instance, the 
substrate aryl ffoaps used in a combinatorial q>proach can be diverse in terms of the core 
aryl moiety, e.g., a variegation in terms of the ring structure, and/or can be varied with 
respect to the o&er substituents. 

A variety of techniques are available in the art tor getierating combinatorial libraries 
of small organic molecules. See, for example, Blondelle et aL (1995) Traids Anal. Chem. 
14:83; the Affymex U.S. Patents 5359,115 and 5^62,899: the EUman U.S. Patent 
5,288,514: the Still et al. PCT pubUcation WO 94/08051; Chen et aL (1994) JACS 
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116:2661: Kerr dt aL (1993) JACS 115:252; PCT publications WO92/10092, WO93/09668 
and WO91/07087; and the Lemer et al. PCT publication WO93/20242). Accordingly, a 
variety of libraries on the order of about 16 to 1,000,000 or more diversomers can be 
synthesized and screened for a particular activity or property. 

In an exemplary embodiment, a library of substituted diversomers can be 
synthesized using the subject reactions ackqpted to the techniques described in the Still et al. 
PCT publication WO 94/08051, e.g., being linked to a polymer bead by a hydrolyzable or 
photolyzable group, ag., located at one of the positions of substrate. According to the Still 
et al. techoique, the Ubmy is synthesized on a set of beads, each bead includiiig a set of tags 
identifying the particular diversomer on that bead. In one embodiment, which is 
particularly suitable fiir discovaing enzyme inhibitors, the beads can be dispersed on the 
sur&ce of a permeable membrane, and tfie diversomras released fiom the beads by lysis of 
the bead Uckex. The diversomer fiom each bead will difiiise across the membrane to an 
assay zone, where it will interact with an en2^e assay. Detailed descriptions of a number 
of combinatorial methodologies are provided below. 

A) Direct Characterization 

A growing trend in the field of combinatorial chemistiy is to e^qploit the sensitivity 
of techniques such as mass spectrometry ^IS), e.g., which can be used to characterize sub- 
femtomolar amounts of a compound, and to directly determine tiie chemical constitution of 
a compound selected fix)m a combinatorial library. For instance, where the library is 
provided on an insoluble siq>port matrix, discrete populations of compoimds can be jGist 
released fiom the support and characterized by MS. In other embodiments, as part of the 
MS sample preparation technique, such MS techniques as MALDI can be used to release a 
CQmpoimd firom llie matrix, particularly \i^esre a labile bond is used originally to tetiier the 
compound to the matrix. For instancy abead selected fixnn a library can be irradiated in a 
MALDI stq> in ordor to release tibie diversomer fam the matrix, and ionize the diversomer 
for MS analysis. 

B) Multq>in S)mthesis 

The libraries of flie subject method can take the multipin library format Briefly, 
Geysen and co-woikers (Geysen ^ al. (1984) PNAS 81:3998-4002) introduced a method 
for generating compound libraries by a parallel synthesis on polyacrylic acid-grated 



wo 01/70684 



PCT/USOl/06173 



-59- 

polyethylene pins arrayed in tibe microtitre plate format. The Geysen technique can he used 
to synthesize and screen Aousands of compounds per week using the multipin method, and 
the tethered conrpounds may be reused in many assays. Appropriate linker moieties can 
also been appended to the pins so that the compounds may be cleaved &om the supports 
after synthesis for assessment of purity and fturther evaluation (c.£. Bray et al. (1990) 
Tetrahedron Lett 31:5811-5814; Valerio et al. (1991) AnalBiochem 197:168-177; Bray et 
al. (1991^ Tetrahedron Lett 3 2:6163-6166). 
Q DMde-Coiqrle-Recombine 

In yet another embodiment, a variegated lilnaiy of craxqwunds can be provided on a 
set of beads utilizing Ihe strategy of divide-coiq)le-recombine (see, eg., Hougihten (1985) 
PNAS 82:5131-5135; and U.S. Patents 4,631,211; 5,440,016; 5,480,971). Briefly, as the 
name i]iq)lies, at each synthesis step where d^eneracy is introduced into the library, the 
beads are divided into separate groups equal to flie nuniber of different substituents to be 
added at a particular position in the library, the different substituents coupled in separate 
reactions, and the beads recombined into one pool for flie next iteration. 

Id one embodiment, the divide-coiq>le-recombine strategy can be carried out using 
an analogous ^proach to the so-called "tea bag" method first developed by Houghten, 
where compound synthesis occurs on resin sealed inside porous polypropylene bags 
(Houghten et al. (1986) PNAS 82:5131-5135). Substituents are coiqiled to the compound- 
bearing resins by placing fhe bags in ^ipropriate reaction solutions, while all common steps 
such as resin washing and d^rotection are performed simultaneously in one reaction vessel. 
At tibie end of the syn&esis, each bag contains a single conopoimd. 

D) Combinatorial Ubraries by lAght-Directed, Spatialfy Addressable Parallel Chemical 
S)mthesis 

A scheme of combinabiial syodiesis in winch the identity of a conqioimd is given 
by its locations on a synthesis substrate is termed a spatially-addressable synthesis. In one 
embodiment, tiie combinatorial process is carried out by controlling the addition of a 
chemical reagent to specific locations on a solid support (Dower et aL (1991) Atmnltep 
MedChem 26:271-280; Fodor, SJA (1991) Science 251:767; Pirrung et aL (1992) U.S. 
Patent No.' 5,143,854; Jacobs et aL (1994) Trends Biotechnol 12:19-26). The spatial 
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lesolution of photolithography affords miniatarizatioiL This technique can be carried out 
through the use protection/deprotection leactions with photolabile protecting grovq)s. 

The key points of ttiis technology are illustrated m Gallop et al. (1994) JMedChem 
37:1233-1251. A synthesis substrate is prepared for coi:q)ling through the covalent 
attachment of photolabile nitroveratryloxycarbonyl (NVOC) protected amino linkers or 
other photolabile linkers. Light is used to selectively activate a specified region of tiie 
synthesis support for coiq>ling. Removal of the photolabile protecting gmvps by light 
(dq^tection) results in activation of selected areas. After activation, the first of a set of 
amino add analogs, each bearing a photolabile protecting groiq> on the amino terminus, is 
e}q)osed to &e entire sur&ce. Coupling only occurs in regions that were addressed by light 
in the preceding step. The reaction is stopped, the plates washed, and tfie substrate is again 
illuminated tiuough a second mask, activatiDg a difierent region for reaction witfi a second 
protected building block. The pattern of masks and the sequence of reactants define die 
products and ibsax locations. Since this process utilizes photolithognq)hy techniques, the 
number of cfanpovods that can be synthesized is limited only by the numba: of synthesis 
sites that can be addressed with appropriate resolution. The position of each conqraund is 
precisely known; hence, its intraactions with other molecules can be directly assessed. 

Id a light-directed chemical synthesis, the products depend on the pattern of 
illumination and on the order of addition of reactants. By varying the hthogrq)hic patterns, 
many diffraent sets of test confounds can be synthesized simultaneously; Ms characteristic 
leads to the generation of many different masking strategies. 
E) Encoded Combinatorial Libraries 

la yet another embodimoit, the subject method utilizes a compound Ubrary provided 
with an encoded tagging system. A recrait inprovement in the identification of active 
compounds fipom combinatorial libraries employs chemical indexing systems using tags that 
uniquely encode the reaction steps a given bead has undergone and, by inference, the 
structure it carries. Conceptually, this appmssAx. mimics phage display libraries, where 
activity derives fix>m (sxptGsseA. peptides, but flie structures of the active pq)tides are 
deduced fiom ttie corresponding genomic DNA sequence. The first encoding of synthetic 
combinatorial libraries eorployed DNA as tiie code. A variety of other forms of encoding 
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have been reported, including encoding with sequenceable bio-oligomers (e.g., 
oligonucleotides and peptides), and binary encoding with additional non-sequenceable tags. 

1) Tagging with sequenceable bio-oligomers 

The principle of using oligonucleotides to encode combinatorial synthetic 
libraries was described in 1992 (Bienner et al. (1992) PNAS 89:5381-5383), and an 
example of such a library geared the following year ^eedles et al. (1993) PNAS 
90:10700-10704). A combinatorial library of nominally 7*7 (= 823.S43) peptides composed 
of all combinations of Arg, Gb, Phe, Lys, Val, D-Val and Tbr (tbree-lett^ amino acid 
code), each of which was encoded by a spedEc dinucleotide (TA, TC, CT, AT, TT, CA and 
AC, respectively), was prepared by a sales of alternating romids of peptide and 
oligonucleotide ^itthesis on solid siqjporL In tins work, the amine linkmg functionality on 
the bead was specifically differentiated toward peptide or oligDnucleotide synthesis by 
simultaneously preincubating the beads with reagents that generate protected OH groups for 
oUgonucleotide synthesis and protected NH2 groups for peptide synthesis Oiere, in a ratio of 
1:20). "When conqjlete, the tags each consisted of 69-mers, 14 units of which carried the 
code. The bead-bound library was incubated with a fluorescently labeled antibody, and 
beads containing bound antibody that fluoresced strongly were harvested by fluorescence- 
activated cell sorting (FACS). The DNA tags were amplified by PGR and sequenced, and 
tile predicted peptides wore synthesized. Following such techniques, compound libraries 
can be doived for use m the subject mettiod, where the oligonucleotide sequence of the tag 
identifies tiie sequential combinatorial reactions that a particular bead underwent, and 
therefore provides the identity of the conqraund on the bead. 

The use of oligpmicleotide tags permits exquisitely sraisitive tag analysis. Even so, 
tile mettiod requires careful choice of orthogonal sets of protecting groups required for 
alternating co-syntiiesis of tiie tag and tiie library member. Furthecmore, tbs chemical 
lability of tiie tag, particularly tiie phosphate and sugar anomeric linkages, may limit tiie 
choice of reagoits and conditions that can be ^aployed for the syntiiesis of non-oligomeric 
libraries. In preferred embodiments, the libraries ranploy linkers pemutting selective 
detachment of the test compound library member for assay. 

Peptides have also been employed as tagging molecules for combinatorial libraries. 
Two exemplary qrproaches are described in the art, both of which employ branched linkers 
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to solid phase upon which coding and ligand strands are alternately elaborated. In the first 
approach (Kerr JM et al. (1993) J Am Chem See 115:2529-2531). orthogonality in 
synthesis is achieved by employing acid-labile protection for the coding strand and base- 
labile protection for the compound strand. 

In an alternative ^proach (Nikolaiev et al. (1993) Pept Res 6 :161-170). branched 
linkers are employed so that the coding unit and die test conqiound can both be attached to 
(lie same fimctional gpsap on tibie resin. In one embodiment, a deavable linker can be 
placed between the branch point and ttie bead so that cleavage releases a molecule 
containing both code and Ifae oonqMund (Ptek et aL (1991) Tetrahedron Lett 3 2:3891-3894). 
In another embodiment, the cleavable linker can be placed so that the test conipound can be 
selectively separated fiom the bead, leaving fbs code behmd. This last construct is 
particularly valuable because it pennits screoaing of the test compound without potential 
mterference of the coding groiq>s. Examples in the art of independent cleavage and 
sequencing of peptide Uhrary membos and thdr corresponding tags has confirmed that the 
tags can accurately predict the pqjtide structure. 

2) Non-sequenceable Tagging: Binary Encoding 

An alternative form of encoding the test compound Ubrary employs a set of 
non-sequencable electrophoric tagging molecules that are used as a binary code (Ohlmeyer 
et al. (1993) PNAS 90:10922-10926). Exemplary tags are haloaromatic alkyl ethers that are 
detectable as their trimethykilyl ethers at less than fantomolar levels by electron capture 
gas chromatogr^hy (ECGC). Variations in the length of the alkyl chain, as well as the 
nature and position of the aromatic bahde substituents, permit the synthesis of at least 40 
such tags, which in principle can encode 2^0 (eg., inwards of 10^2) difiBarait molecules. 
In the original rqxnt (Ohlmeyer et al., saprsi) the tags were bound to about 1% of the 
available amine groiqps of a peptide library via a photocleavable o-nitrobenzyl linker. This 
approach is convenient whrai pr^aring combinatorial libraries of peptide-like or other 
amine-contaming molecules. A more versatile system has, however, been develqped that 
permits encoding of essentially any combinatoiial library. Here, the coinpound would be 
attached to the solid siq;>port via die photocleavable linker and the tag is attached through a 
catechol ether linker via caibene insertion into die bead matrix (Nestler et al. (1994) J Org 
Chem 5 9:4723-4724). This ordiogonal attachment strategy permits die selective 
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detachment of library members for assay in solution and subsequent decoding by ECGC 
after oxidative detachment of the tag sets. 

Although several amide-linked libraries in the art ranploy binary encoding with the 
electrophone tags attached to amine groups, attaching these tags directly to the bead matrix 
provides fer greater versatility in the structures that can be prepared in encoded ■ 
combinatorial libraries. Attached in this way, tbe tags and their linker are nearly as 
unreactive as the bead matrix itself Two binary-encoded combinatorial libraries have been 
reported where the electrophone tags are attached directly to the solid phase (Ohlmeyar et 
al. (1995) PNAS 92:6027-6031) and provide guidance fi>r geaerating the subject conq)ound 
library. Both libraries were constrocted using an orthogonal attachment strategy in which 
flie library member was linked to flie solid su|>port by a photolabile linker and the tags weax 
attached tinroiig^ a linker cleavable only by vigorous oxidation. Because the library 
members can be repetitively partially photoehited 6xm the solid siqiport, library members 
can be utilized in multiple assays. Successive photoelution also permits a very high 
throughput iterative screening strategy: first, multiple beads are placed in 96-well 
microtiter plates; second, compounds are partially detached and transferred to assay plates; 
third, a metal bindmg assay identifies the active wells; fourth, the corresponding beads are 
reaxrayed singly into new mioiotiter plates; fifth, single active compounds are identified; 
and sixth, Ihe structures are decoded. 

Exemplification 

The invention now being generally described, it will be more readily understood by 
reference to the following examples, which are included merely for purposes of illustration 
of certain aspects and embodiments of the present invention, and are not intended to limit 
the invention. 

Example 1 

Synthesis of ri-(SWl-Baizvl-PVtrohdin-3-(R)-vlcari)aDM)vlV2.?.-dimethvl-mx>pvl1- 
rarhamir. arid tert-butvl ester fla^ 
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la 

To a solution of N-a-Boc-L-a-Zier^-butylglydne (2.0 g, 8.6S mmole) in 
dichloiomelliane (20 mL) was added 3R-(->l-Beo2yl-3-(methylanuno)pyiTolidine (1.68 g, 
9.S1 mmole) followed by N-(^lohexyIcaibodiimide, N*-methyl polystyroie resin (loading 
= 1.5 mmole/gs 6.92 g, 10.38 mmole). This mixture was agitated in a sealed vessel on an 
oibitalsh!d£erfQrl8h,and&entfaeshiiiy was gravity filtered. The resin was washed with 
dichloromethane and mettiyl alcohol, and then the solvent was removed by rotaiy 
6Vsq;>oration. The organic residue was purified by flash chromatognvl^ on silica gel, 
eluting witii dichlQrQmefhane/2.0 M ammonia in ethyl alcohol (96:4) to give la (1.15 g, 
34%) as a pale yellow solid. 

Example 2 

Synthesis of ri-(SUl-Benzvl-pvm)lidin-3-(SVvlcarbamnYl)-?-.7.-dim ethvl-propvl1- 

csahsimic a cid tert-butyl ester (lb") 




Compound lb was prepared fixm N-a-Boc-Lr«-tert-butylglycine and 3S-(-)-l- 
Benzyl-3-(m^ylamino)pyiiolidine, using the method described in Example 1 . 



ExamoleS 

Synthesis of 3-/S)-(l-Benzvl-piperidin-4-ylcarfaamovlV3.4-dihvdro-lH-isoqirinoline-2- 



carboxvlic acid tert-butyl ester (Ic^ 
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Coiiq)oiiiid Ic was prq>ared fix>m N-Bo(>L-l,2,3,4-tetrahydroisoqiimoIine-3- 
caiboxylic add and 4-aiiii]]o-l-ba()zyIpq)eridine, using the method described in ExatoplQ 1. 

3-reenzvl-f2- <^irTifithYl»miiTi ()-etfavlV<aifaamovl1-^3.4-dih vdro4H^ 
add tert-butvl ester fld^ 




1d 



To a solution of N-Boo-L-1^3,4-tetrahydioisoqumoline-3-caiboxylic add (2.0 g, 
7.2 mmole) in diddorainethane ^0 mL) was added TFFH (1.91 g, 7.2 nunole). The 
mixture was cooled to (fC and N^-benzyl-N^-dimeQiylediylenediamine (2.S7 g, 14.4 
mmole) was added to the reaction. The reaction was allowed to warm to room temperature 
and stined for 6 h. The reaction was then quendied with water (^0 mL), and ttie organic 
layer was dried over anhydrous sodium sul&tei, jGlta:ed and concentrated. The organic 
residue was purified by flash clinnnatogrq)hy on silica gel, eluting with 
dichloromeaiane^.0 M ammonia in e&yl alcohol (96:4) to give Id (0.81 g, 26%) as a pale 
yellow oil. 



Example 5 

74RVAmitin-N-^l-benzvl-pviroHdin-3-flRVvlV3.3-dimethv1-butvramidef2a'> 
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A solution of la (0.80 g, 2.06 mmole) in 40% tiifluotoacetic add/dichloromefhane 
(IS mL) was stiired at room tam3)eraiture for 4 h. The solvent was lemoved by rotary 
ev^KJiation, and the rBsolting organic residue was carefiilly partitioned between 
dichlaromethane and a saturated solution of sodium bicarbonate (30 mL each). The organic 
extract was dried over anhydrous sodium su&te, filtered, and concentrated to give 2a as a 
light brown oil. This amine was used without fiirther purificatiorL 



Example 6 

7-(S>. AtniTin-N-(l-benzvl-pvrrohdinr3-(SVY^)-^ ,^-Hitnrfhvl-butvrainide f2b'> 




Compound 2b was prq)ared from con^imd lb, using tiie method described in 
Bxanq>le 5. 



Example 7 

l^,3,4-Tetrahydro-isoquinoIine-3-(S)-carboxylic acid (l-benzyl-piperidin-4-yl)-ainide (2c) 
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Compound 2c was prqiared from compomd Ic, using the method described in 
BxanQ)le 5. 

Example 8 

1^3,4-Tetrahydio-isoqaiiiolin©-3-(S)-caiboxylic acid ben2yl-(2-dimethylamino-eaiyl> 
amide (2d) 




[CH3)2 




Confound 2d was prepared from conq>oiind Id, using the method described in 



Example 9 

N-(l-Benzvl-pYnroHdin-3-(RVvIV3J -«1iiTieth vl-2-fSV[3-f3-triflu^ 
biityramide 




CHja2.ri. 



3-(Tri£hioiQm^byl)pheii^l iso(^anate (0.093 g, 0.S0 mmole) was slowly added to a 
solutirai of 2a (0.12 g, 0.42 mmole) in dichloiomeifaane (20 mL) at 0°C. The solution was 
allowed to warm to room temperature and stirred for 18 h. The reaction was then quenched 
with water (20 mL), and the organic layer was dried over anhydrous sodium sulfate, filtered 
and conc^trated. The organic residue was purified by flash chromatogr^hey on silica gel, 
eluting witti dichloromethane/2.0 M ammonia in ^yl alcohol (96:4) to g^ve 3a (0.045 g, 
34%) as a white solid; MS (EI) = 476 (M+). 
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Example 10 

N-fl-Benzvl-pviToKdm-3-(S VY^)-^.^-*^^"''^vl-2-fSVr3-f3-trifliK)ro^ 
butvramide (Sh) 




Compound 3b was prepared fiom . 3-(trifluoiomefliyl)phenyl isocyanate and 
compoiind 2b, using the m^liod described in Example 9. MS (EQ = 476 0A+). 

Example 11 

N-fl-Benzvl-pvrroUdin-3-(SVvn-2-rSVr3-(2.S-difluor(>-pheavlVurddo1-33-^ 

hntyramirie ^^c) 




Coa:q)omid 3c was prepared firom 2,S-di£luDTopheiiyl isocyanate and compound 2b, 
using the method described in Example 9. MS (EI) = 444 (M+). 

Example 12 

N41-Benzvl-pvrrohdin-3-fRVvlV2-fSVf3-(2.5-difhioro-phenvlVureido1-33-^ 
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Coi^pound 3d was prepared from 2,S-difluoiophraiyl isocyanate and compound 2a 
using the method described in Exanq;>le 9. MS (EI) = 444 (M.+). 

Example 13 

3.4-Dihvdro-lH-isoQviinoline-23-dicarboxvlic acid 3-fSVr(l-bCTizvl-Diperidi n-4-Yl)-flniidRT 
2-rf3-trifluorom eflivl-DhenvlV}nntde1 Oe) 



Conqwund 3e was prqured fiom 3-(trifluoiomethyl)phenyl isocyanate and 
conqraund 2c, using Ifae method described in Example 9. MS (EJ) = 536 (M+). 

Example 14 

3.4-Dihvdro-lH-isoquinoline-2J-dicarboxvlic acid 3-(SUf l-benzvl-Diperidin-4-vl)-amide1 
2-rf4-trifluoro methoxv-t)henv1Vamide1 r^O 




3e 




Fa 




*3 



3f 



Conq>ound 3f was pFq>ared fiom 4-(trifhioromeQioxy)phenyl isoqyanate and 
conqpound 2c, using tiie meUiod described in Exanq>le 9. 
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ExamplelS 

3.4-I)ihvdro-lH-isoQiimoline-2.3-dicatfaoxvlic acid 3-(SVrbenzY l-(^-Hi"iBtTiYlawntin-fttTiYl)- 
aroide] 2-[0-trifluoromethyl-phenvl)-amide1 (3g ^ 




2d 

39 

Compound 3g was prepared fiom 3-(trifliionimethyl)phenyl isocyanate and 
compound 2d, using the method desraibed in Exanq)le 9. 

Example 16 

3.4-Dihvdro-lH-isoquinoline-2.3-dicarboxvlic acid 3-(SVrbenzY H'^-^^'"'«ft'y1"»^""-«^>'y1>- 
amiHfl] 7.- f(4-trifluoromethoxv-phen vl>-aniiHft] CMiS 




Conqmund 3h was prepared fix>m 4-(trifhioromethoxy)phenyl isocyanate and 
compound 2d, using the method described in Exa]iq)le 9. 



Example 17 
Preparation of 4 and 5 
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1) 20% PiperadineflSMF 




1) FmooffiuGly 
PyBOP.NMM.DMF 



Qr^N(H)Fmoc 




3) 20%Plpeiadlnen)MF 



2) 20%Pipera(Hneff)MF 



FmooWnkl 



H2N' 



2) TFArt)CM 



1) BHyTHF 




4: AH2nAmlno-14>enzyl-ethyl)-3.3-d]methy(-24H3-trffluoiDmethy^^^ 
5: 1KH(2-^lno-14)enzyl-ethylamlnoVmethy^ 

Fmoc-Rink Resin (4.0 g, 2.32 mmol) was depiotected by agitating the resin with 
20% piperidine in DMF (40 ml) for 30 minutes at room tBnq)erati]r6. To the free amine 
resin was then added a solution of PyBOP (12.1 g, 23.2 mmol), Fmoo-Phe (9.0 g, 23.2 
mmol) and NMM (2.6 mL, 23.2 mmol) in DMF (40 mL) and the suspension allowed to 
agitate at room tempexatute for 24 hours. The resulting resin was washed with DMF, 
CHjGj ^ MeOH before treating with a sohttion of 20% piperidine in DMF (40 mL) at 
room temperature for 30 minutes. The resulting resin 1 was washed with DMF, CHjCl^ and 
MeOH. To resin 1 was then added a sohdian of PyBOP (12.1 g, 23.2 mmol), Fmoo-f- 
BuGly (8.20 g, 23.2 mmol) and NMM (2.6 mL, 23.2 mmol) in DMF (40 mL) and the 
suspension allowed to agitate at room temperature for 24 hours. After washing wifli DMF, 
CH2CI2 and MeOH, the Fmoc ffovsp was removed by treating witii a solution of 20% 
piperidine in DMF (40 mL) at room temperature for 30 rninutes. The resulting resin 2 was 
washed with DMF, CH^Clj and MeOH. To a suspension of resin 2 in CH^Clj (40 mL) was 
added a,a,a-trifluoro-m-tolyl isocyanate (3.19 mL, 23.2 mmol) and the resulting 
suspoision allowed to agitate at room temperature for 1 8 hours. The resin was then washed 
thoroughly with DMF, CHjClj, and MeOH to provide 3. To resin 3 (800 mg, 0.464 mmol) 
was added a 1.0 M solution of BHa-THF (12.0 mL, 12.0 mmol) and the suspension allowed 
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to agitate at 50 "C for 18 ho\irs. The suspension was then allowed to cool to 0 "C before 
quenching the excess reagent with MeOH. After removal of the solvent, the resin was 
treated with three equivalents of a 0.06 M solution of DBU in 9:1 NMP:MeOH and the 
resultmg suspoQsion allowed to shake at room temperature for six hours. The solvent was 
then removed and the resin washed with CHjCls to provide a mixture of 4 and 5. This 
mixtDre was treated with a 1:1 solution of TFA in CH2CI2 (8 mL) at room temperature for 
one hour to release the desired products fixnn the resin. The resulting solution of 4 and 5 
was drained fixnn tiie lesin, die resin washed with copious CHjCIj and the solution 
ccmcenttated in vacuo. The products were separated using reverse phase HPLC (6:4, 
acetonitrilerwater) to provide, after lyopfailizing, pure 4 and 5 (as their corresponding TFA 
salts) as fluf^ powders. 4: LRMS calculated for Cj^Hx^FjNA 450.22, found 450.22. 5: 
LRMS calculated for CaH3,F3N40 432.24, found 436.07. 

Example 18 
Preparation of 8 and 9 




8 Ph 9 Ph 

8: A^(1-BenzyHiynt>i!d!n^yf)-3.3,A^trimemyl-2-[3K3-tr^ 
9: 1-(1-a(1-BenzyHiynroli(Ur>^yl>Hn(i6ttiyk^ 

To a sturring sohition of Boc-L-a-d)utylglycine (1.21 g, 5.25 mmol) in DCM (20 
mL) at room temperature was added TFFH (tetramettiylfluorpfQnnamidinium 
hexafhiorophosphate, 1.39 g, 5.25 mmol) and the mixture allowed to stir for ten minutes 
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until a clear, homogeneous solution resulted. Next, the solution was cooled to 0 °C (at 
which time a white precipitate formed) and (3S)-(+)-l-benzyl-3-(methylamine)pyrrohdine 
(2,0 g, 10.5 mmol) was added. After stirring at 0 **C for five minutes, the reaction was 
allowed to warm to room temperature and continue for one and one half hours. The 
reaction was then extracted between DCM and water, the organic layer separated, dried 
(NfgS04), Wtexed and concentrated in vacuo. The resulting residue was purified by flash 
column chromatography using silica gel with a gradient of 2 to S % of a 2.0 M solution of 
MH, in EtOH/DCM to provide pure 6 (1.983 g, 94%). LRMS calculated for CjsHstNjO, 
403.28, found 403.86. 

Boc-protected amine 6 (1.96 g, 4.86 mmol) was treated with a solution of 40% TFA 
in DCM (20 ml) and the solutioa aUowed to stir at room tenqierature for two hours. The 
reaction solution was tben concentrated in vacuo, the residue dissolved in DCM and washed 
three times witii a saturated aqueous sohition of NaHCO,. The organic layer was dried 
Qia2^0^, filtered and concentrated in vacuo to provide free amine 7 (1.015 g, 69%). 
LRMS calculated for C^JJ^fi 303.23, found 303.94. 

To a solution of 7 (496 mg, 1.64 mmol) in DCM (5 mL) at room temperature was 
added a,a,a-trifluoro-m-tolyl isocyanate (271 ^L, 1.97 mmol) and the reaction allowed to 
stir for seventeen hours. Next, one equivalent of tris-(2-aminoethyl>amine polystyrene HL 
resin was added to absorb the excess isocyanate and tiie suspension allowed to stir for two 
hours before filtering to remove the resin and concentrating the resulting solution in vacuo. 
The resulting residue was tiien purified by flash cohimn chrQmatogrq>hy usmg silica gel 
and 3% 2.0 M NH, in EtOH/DCM to provide pure 8 (456 mg, 57%). LRMS calculated for 
CmHjjFjNA 490.26, found 490. 

To a solution of 8 (55 mg, 0.112 nmiol) m THF (0.51 mL) was added 1.0 M BHj- 
THF (340 \iLy 0.340 mmol) and tiie reaction heated to 50 °C for 22 hours. The reaction 
tempearature was tfaoti increased to 80 *'C and the reaction allowed to continue for an 
additional 24 hours. After cooling to room temperature, 2 M aqueous HCl (approx. 1 mL) 
was added to the reaction and the solution allowed to stir for one and one half hours. Next, 
the solution was basified with aqueous 2 M NaOH and extracted with DCM. The combined 
organic extracts were dried (MgS04), filtered and concentrated in vacuo. The resulting 
residue was thai purified by flash column chromatography using sihca gel and a gradient of 
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2 to 5% 2.0 M NH3 in EtOH/DCM to provide pure 9 (15 mg, 28%). LRMS calculated for 
CaftsFjNP 476.28, foimd 476.03. 

E3camvlel9 
Preparation of iO and 11 




10: AK1-Benzyi-pyrrolklir>^yl>^.3,A^trimethyl-2-p^4-ii1fluoro 
11: 1-(1-Q(1-BenzyH>yrroBdb>^yl)Hnethyt-amino}-me1hyl}-2,2-^^ 

The meOiod of Example 18 was used with 4-tiifluoromettioxyphBnyl isocyanate 
instead of a,(x,a-tiifluoro-m-tolyI isocyanate. 

Prepaiatian of 10: 7 (496 mg, 1.64 mmol), 4-tii£liioromethoxyphenyI isocyanate 
(0.297 niL, 1.97 mmol), DCM (5 ml). Purification by flash column chromatogr^hy using 
3% 2M NH3 in EtOH/DCM provided the desired 10 (444 mg, 53%). LRMS calculated for 
CjeHjjFjNA 506.25, found 507. 

Preparation of 11: 10 (50 mg, 0.099 mmol), 1.0 M BH3-THF (0.296 mL, 0.296 
mmol), THF (0.5 mL). Purification by flash column chromatography using a gradient of 2 
to 5% 2M NH3 in EtOH/DCM provided the desired 11 (8 mg, 15%). LRMS calculated for 
CmH3sFjN40j 492.27, found 492.84. 

Example 20 

ri-(SVrBenz vl-r2-HiTnrtbY^^""-«**'Y^>^art)amovn-2-methvl-propYl>-<^at^ gHH tBrt- 
butyl ester (12) 
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HI 




(CHafe 



Boc., 




*N(CH3)2 



12 



To a solution of NKX-Boc-L-valiiie-N*-hydroxysucciiiimide ester (2.0 g, 6.36 
mmole) in dichloiomethaae (20 mL) at 0''C was added N'-benzyl-NJ«I- 
dimethylethyleQcdiamine (1.25 g, 7.00 mmole) and triethylamine (0.71 g, 7.00 mmole. The 
reaction was allowed to warm to room temperature and stirred for 6 h. The reaction was 
tihien quenched with water (20 mL), and the organic layer was washed with water (2x). The 
organic layer was dried over anhydrous sodium sul&te, filtered and concentrated by rotary 
evqxnratioiL The organic residue was purified by flash cbromatogr^hy on silica gel, 
eluting with dichloromethanB/2.0 M aaunooia in ethyl alcohol (96:4) to give 12 (1.28 g, 
53%) as a white soUd. 

Example 21 

7- AmiTiivTsr-1v>nTYl->I-f?--HiTnftthYlim»iiio-ethvlV3-meth^^ f 1 •<> 



A sohilion of 12 (I.IS g, 2.92 mmole) in 40% triflubroacetic acid/dichloromethane 
(15 mL) was stirred at room tenqieiature for 4 L The solvent was rotnoved by rotary 
eviration, and flie resulting organic residue was carefiilly partitioned between 
dichlotomethane and a saturated solution of sodium bicarbonate (30 mL each). The organic 
extract was dried over anhydrous sodium sufate, filtered, and concentrated to give 13 (0.80 
g, 95%) as a light brown oil. This amine was used in the next step without further 
purification. 




12 



13 



wo 01/70684 



PCTAJSOl/06173 



-76- 

Example22 

N-Ben2yl-N-^2-dime1hylamino-ethylV3-me^^ 
ureidol-btttyramide (148) 




4-(ltii£hioromefhoxy)phenyl isocyanate (0.18 g, 0.86 mmole) was slowly added to a 
sohidon of 13 (0.20 0.72 mmole) in dicUoiomethane (20 mL) at 0°C. The solution was 
allowed to warm to room tranpeiature and stined for 18 h. The reaction was then quenched 
with water (20 mL), and the organic layer was dried over anhydrous sodium sulMe, filtered 
and concentrated by rotary eve^pration. The organic residue was purified by flash 
chromatographey on silica gel, eluting with dichloromediane/2.0 M ammonia in ethyl 
alcohol (96:4) to give 14a (0.24 g, 69%) as a white soUd; MS (EO = 480 (\f+). 

Example 23 

N-Benzvl-N-( ^-«^ttiifttby1atnino-elhvlV2-(SVr3-f4-fhiorophenvlVurddo1-3-met^^^^ 
butyramide(14b) 




Compound 14b was prepared firan 4-fluorophenyl isocyanate and compound 13, 
using the method desmbed in Exanq;>le 22. MS (EI) - 414 (M+). 

Example 24 

N-Benzyl-N-(2-dimetfaylamino-etfavlV3-methvl-2-(SV[3-^4-trifhioiometfayl-p^^ 
ureidol-but yramide f14e) 
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Compound 14c was prepared from 4-(trifluoioinettiyl)phenyl isocyanate and 
con^und 13, using the method described m Exanq>le 22. MS (EH) ~ 464 (M+). 

Example 25 

N-(l-Benzvl-2-oxo-2-p ip<^^1- Vl-elhylV3J-< ^iniKihv1-7.- [3-(3-trifh^ 
ureido]-birtyramide (15) 




The method of Example 17 was used with the following exceptions: In place of 
Fmoc-Rink Resin, Wang resin (25 g, 17.5 mmol) was treated with 1,1 '-carbonyldiimidazole 
(19.9 g, 0.122 mol) in tetrahydrofiiran (330 mL) to provide the imidazolide resin. This was 
then allowed to react with pq>aazine (15.1 g, 0.175 mol) in tetrahydrofiiran (400 mL) to 
generate flie piperazine-fimctioDalized lesin. This lesin was then coiqiled to Fmoc-Phe and 
canied through the synthesis as in Bxmsple 17 (using fte same stoichiometry and reagents). 
The final step of cleavage fixxmi the resin was performed without the preceeding borane 
reduction step. IS: LRMS calculated for C^fi^^Pj 53326, found 533.54. 

Examj^26 

N-Benzvl-N-f ^-Htmp»hY>«wii>i>w^hyl)-^,^-rfimBthyl-7.-f^^^^ 
urddol-butvramide (IS) 




16 



The method of Example 18 was used with N'-benzyl-N^N-dimediylediylenediamine 
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in place of (3S)-(+)-l-benzyl-3-(methylamino)pyrroKdine. Coupling of amine and 
carboxylic acid: N'-benzyl-N,N-dimethylethylenediamine (2.170 mL, 11.2 mmol), Boc-I^ 
a-Autylglycine (1.296 g, 5.61 mmol), TFFH (1.482 g, 5.61 mmol), DCM (20 mL). 
Purification by flash column chromatogK5)hy using 3% 2M NHj in EtOH/DCM provided 
the desired amide (1.117 g, 51%). This amide could then be dq)rotected with 40% 
TFA/DCM as outlined in example 18 to provide the desired amine which was coupled to 



the requisite isocyanate using the procedure and stoichiometry as in Example 18. 16: 
LSMS calculated for C^^^fii 478.26, found 478.04. 

Example 27 

N-BenZvl-N-<2 -rfiWhyl»minn-Bthv1V^^.itiTnethvl-2-r^-r4-to^ 

urddol-butynmiide (1 7) 



The mettiod of Example 18 was used witii N'-benzyl-N,N-dimethylethylenediamine 
in place of (3S)-(+)-l-benzyl-3-(methylamino)pyiToUdine and 4-trifluoromethyoxyphenyl 
isocyanate in place of a,a,a-trifluoro->it-tolyl isocyanate. Coiq>ling of amine and 
caibo:iiy1ic add: N'-beDzyI-N,N-dimethylethyleDediamine (2.170 mL, 11.2 mmol), Boo-L- 
a-Zbutylglydne (1.296 g, 5.61 mmol), TFFH (1.482 g, 5.61 mmol), DCM (20 mL). 
Purification by flash cohmm chromatognvhy usmg 3% 2M NI^ in EtOH/DCM provided 
tiie desired amide (1.117 g, 51%). This amide could then be deprotected with 40% 
TFA/DCM as outlined in Example 18 to provide flie desired amine (405 mg, 1.39 mmol) 
which could be coupled to 4-trifiuorDme%oxyph«iyl isocyanate (0.210 mL, 1.39 mmol) in 
DCM (4 mL) using the procedure of Exaiiq>le 18. Purification by flash column 
chromatogr^hy using a gradient of 2 to 5% 2M NH3 in EtOH/DCM provided the deshed 
17 (137 mg, 20%). 17: LRMS calculated for CkHjJPjNA 494.25, found 495.05. 

Example 28 

N-fl-BenzY ^-2-dimethylamtnfveth vlV3J-dimethvl-2-[3-(3-trifhioromefe^ 
butvramide (18) 




17 
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A solution of 4 (120 mg, 0.267 mmol) in MeOH (2 mL) was purged with Ar before 
adding Pd/C (approx. IS mg) followed by paraformaldehyde (32 mg, 1.1 mmoQ. The 
mixture was allowed to stir under an atmosphere of hydrogen at room temperature 
overnight. The reaction mixture was flien filtered through a plug of celite, washing wifli 
MeOH, and concentrated 91 vacuo. The residue was purified via prq)arative thin layer 
dm>matognQ>hy using 1% MeOH/EtOAc to provide 18. 18: LRMS calculated for 
CisHajFjNA 478.26, found 477.87. 

Example 29 

N-^l-Benzyl-pyrroKdin-3-^ylV33-d iTnethy1-2- [3-(4-trifluoromefcoxy-phenylV^ 
hntyramide(19'> 




19 



The method of Example 10 was used with 4-trifluoromethoxyphenyl isocyanate 
instead of a,a,a-trifluoro-/n-tolyl isocyanate: 2b (137 mg, 0.474 mmol), 4- 
trifluoromethoxyphenyl isocyanate (0.079 mL, 0.569 mmol), DCM (1 mL). Purification by 
flash column chromatogn^hy using a gradi^t of 2 to 5% 2M NH3 in £K)H/DCM provided 
the desired 19 (173 mg, 74%). LRMS calculated for CjsHjiFjN^Oj 492.23, found 492.81. 

Example 30 

Combinatorial Preparatio n of Urea Analogues (See also Figures l-6> 

The method oufiined in Example 17 above (with die exception of the borane 

reduction stq>) was used in a libraiy format 

Abbreviations of the common amino adds are in accordance with the 
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recommendations of lUPAC-IUB. Additional abbreviations include the following: Fmoc- 
L-HPA: Fmoc-L-Homophenylalanine; Fmoc-L-BIP = Fmoc-L-4,4'-Bipheaylalanine; 
Fmoc-L-2-NAL = Fmoc-L-2-Naphfliylalanine; Fmoc-L-tert-LEU = Fmoc-L-a-tert-butyl- 
GLY. The Fmoo-protected amino acids were obtained from Novabiochem Corp., 
Synthetedb, Inc., and Advanced ChemTedi. The conesponding D-enantiomers for the 
preceding Fmoc-protected amino adds are also mcluded in this disclosure. 

Step la. Synfliesis of Rink resfn-boiind Fmoc^HPA. N-Fmoc protected Sink 
Amide resin (4-C2%4'4>imethoxypheQyl-Fmoc-aminQmett]yl)-phenoxy resin fiom 
Advanced CStiemTech, 2 x SO g» 0.7 mmole g'') was suspended in a solution (2 x 500 mL) of 
25% pq)eridine in DMF (vAr) and agitated for 1 hour on an orbital shaker. The solution was 
removed by filtration, and the resin was washed successively with DMF, MeOH, and DCM 
(three washes) and then dried in vacuo. Fmoc-L-HPA (21.0 g, 52.5 mmol) was added to a 
solution of PyBOP® (Benzottiazol-l-yloxy-tris-pyrrolidinophosphonium 
hexafluorophosphate, 6 equiv.) in O.IM NMM (N-Methyl morpholine) in anhydrous DMF 
(200 mL). This solution was tiien added to a portion of the dried resin (15.0 g), and tiie 
resm slurry was agitated for 3 hours on an orbital shaker. The solution was removed by 
filtration, and die resin was washed successively widi DMF, MeOH, and DCM (three 
washes) and then dried in vacuo for use in Step 2. 

Step lb. Synthesis of Rink resin-bonnd Fmoc-BIP. This product can be 
synthesized according to tiie procedure described previously in Step la, except the Fmoc-L- 
HPA is replaced with 5 equiv. of Fmoc-L-BIP (24.3g, 52.5 mmol). 

Step Ic. Syntiiesis of Rink resin-bound Fmofr-2-NAL. This product can be 
synthesized according to the procedure described previously in Step la, except the Fmoc-L- 
2-NAL is replaced with 5 equiv. of Fmoc-L-2-NAL ^.9g, 52.5 mmol). 

Step Id. Synthesis of Rink resin-bonnd Fmoc-PHE. This product can be 
synthesized according to die procedure described previously in Stqp la, except the Fmoc-L- 
PHE is r^laced with S equiv. of Fmo&-L-PHE (20.3g, S2.S mmol). 

Step 2a. Synthesis of Rink resin-bonnd Fmo&-tert-LEU-HPA. The Sink resin- 
bound Fmoc-L-BIP ^.0 g) was suq>ended in a solution (40 mL) of 25% piperidine in DMF 
(vAO aod a^tated for 1 hour on an orbital shako:. The solution was removed by filtration, 
and the resm was washed successively widi DMF, MeOH, and DCM (three washes) and 
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then dried in vacuo. Fmoc-L-tert-LEU (38.4 nrmole, 10 equiv.) was added to a solution of 
PyBOP® (10 equiv.) in O.IM NMM in anhydrous DMF (50 mL). This solution was then 
added to the dried resin (4.8 g), and the resin slurry was agitated for 3 hovis on an orbital 
shaker. The solution was removed by filtration, and the resin was then washed successively 
with DMF, MeOH, and DCM (three washes) and then dried in vacuo for use in Step 3. 

Steps 2b - 2d. Synthesis of Rink resin-bonnd Fmoc-tert-LEU-BIP, Fmoc-tert- 
LEU-2-NAL, Fmoc-tert-LEU-PHE. The corresponding Rink resm-bound Fmoc-teit- 
LEU-aal can be synthesized accordiDg to the procedure described previously in Step 2a, 
excq>t fhe Rink resLa-bound Fmoo-BIP can be r^laced with the qipropriate Rink resin- 
bound Fmoc-aal (same stoichionietiy). 

Synthesis of Rink resin-bound Fmpc-FRQ-HPA, Fmoc-PRO-BIP, Fmoo-PRO- 
2-NAL, Fknoc-PRO-FHE. The corresponding Rink resin-bound Fmoc-PRO-aal can be 
synthesized according to fbe procedures described previously in Stq>s 2a-2d, except the 
Fmoc-tot-LEU is nplacei. with Fmoc-Pro (same stoidhiometry). 

Syndesis of Rink resin-bonnd Fmoo-D-stereoisomers. Hie corresponding Rink 
resin-bound Fmoc-D-stereoisomers, enantiomers and diastereomers, can be synthesized 
according to the procedures described previously in Steps 1 and 2 when fbt impropriate 
Fmoc-L-amino acid is rq>laced.with the corresponding Fmoc-D-amino acid. 

Each of the 8 resins was evenly distributed in 12 separate wells of a 96-deep well 

plate. 

Step 3. Synthesis of Nl-[[(3-Bromophenyl)amino]carbonyl]-tert-L£U-HPA- 
NH,. The Rink resin-bound Fmoc-tert-LEU-HPA was suspended in a solution (25 mL) of 
25% piperidine in DMF (v/v) and agitated for 1 hour on an orbital shaker. The solution was 
rranoved by filtration, and fbe resin was then washed successively wi& DMF, MeOH, and 
DCM (Ihree washes) and tiien dried in vacuo. To a portion of the dried resm (0. 100 g) in a 
96-deq) well plate was added a solution of 3-brQmpphenyl isocyanate (12.5 equiv.) in 
anhydrous DMF (0.5 mL). The resin slurry was agitated for 18 hours on an orbital shaker, 
and Ham washed successively with DMF, MeOH, and DCM (three times). The Rink resin- 
bound conq;>ound was cleaved fiom the solid siqiport by agitating the resm with 50% TFA 
in DCM (vAr) for 30 min followed by filtration and removal of tiie solvoit in vacuo to give 
Nl-[[(3-BromophMiyl)amino]carix)nyl]-tert-LEU-HPA-NH2. 
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The foUowing 12 isocyanates (12.5 equiv.) were each evenly distributed through 8 
wells (each containing a different resin) of the 96-6eep well plate to give the corresponding 
product: 3-bromophenyl isocyanate; 4-chlorophenyl isocyanate; 3,4-dichlorophenyl 
isocyanate; 3-methoxyphenyl isocyanate; 3-(trifluoromethyl)phenyl isocyanate; cyclohexyl 
isocyanate; 3^-bis(trifluoTomethyl)phenyl isocyanate; 2,6-dimethylpheayl isocyanate; 4- 
(methylthio)phenyl isocyanate; 4-(tiaiioromefhoxy)ph^yl isocyanate; 2-chloro-S- 
(trifluoromethyl)pheayl isocyanate 2^-difluotophenyl isocyanate. 

Exam/OeSl 

Ion channel and opiate receptor binding of certain compoimds of the present invention 

The opioid (ji) leceptor binding c^abilities of compoimds described herein were 
determined according to the procedures outlined by Wang et al. (FEBS Letters 1994, 338, 
217). The sodium channel receptor binding capabilities of compoimds described herein 
were detennined according to the procedures outlined by Catterall et al. (J. BioL Chem. 
1981, 256, 8922). The calcium channel recq)tor binding capabilities of compounds, 
described herein were determined according to the procedures outlined by Gould et al. 
(Proc Natl. Acad, Sci. USA 1982, 79, 3656), Ehlert et al. {Life Sci. 1982, 30, 2191), 
Reynolds et al. (J. Pharmacol. Exp. Ther. 1986, 237, 731), Moresco et al. {Neurobiology of 
Aging 1990, H, 433) and Schoemaker et al. {Eur. J. Pharmacol. 1985, M, 273). The 
potassium channel receptor binding capabilities of compounds described herein wore 
detomined according to the procedures outlined by Taylor et al. {J. Biol. Chem, 1984, 259, 
13957), Rehm et al. {Proc NatL Acad. Sci. USA 1988, 85, 4919), Vasquez et aL (J. BioL 
Chem. 1990, 265, 15564) and Mourre et al. (Brain Research 1986, 382, 239). 
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* Calcium type L: B=benzodiiazepiiiB site; D<=dihydnrpyridine site; P=*phBiiyIa]kylann^ 

Potassium lefers to potassium channel pCJ,[Kv](H:[SKcJ. 
NT°Not tested 



Example 32 

Pvrrolidme-1.2-dicart)oxvlic acid 2-P)eii2ryH2-<^ iniRthy1flrriiTin-ethy1)- amide1 l-f (4- 
trijauoroniethoxv-4)henvlVmmde1 (21) 



l(CH3)2 r.t 




OCFa 



To a solution of N-Boo-L-proline (2.0 g, 9.3 mmol) in dichloromethane (20 mL) 
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was added TFFH (2.45 g, 9.3 mmol). The mixture was cooled to 0°C and N'-benzyl-NJsT- 
dimethylethylenediamine (3.31 g, 18.6 mmol) was added to the reaction. The reaction was 
allowed to warm to room temperature and stirred for 6 h. The reaction was then quenched 
with water (20 mL), and the organic layer was dried over anhydrous sodium sulfate, filtered 
and concentrated. The oiganic residue was purified by flash cfaromatogrq>bey on silica gel, 
eluting with dichloromethane/2.0 M ammonia in ethyl alcohol (96:4) to give 20 (1.21 g, 
35%) as a pale yellow oiL 

A sdution of 20 (1.1 g, 2.93 mmol) in 40% tiifluoroacetic add/dichloromethane Q.0 
mL) was sttned at room temperature for 4 h. The solvent was removed by rotary 
evaporation, and tiie resulting organic residue was carefully partitioned between 
dichlommeBiane and a saturated solution of sodium bicaifaonate (40 mL each). The organic 
exttact was dried over anl^ydrous sodhmi su&te, filtered, and concentrated to give 21 (0.75 
g, 93%) as a lig^ brown oiL This amine was used in the next sbep without fiirther 
purification. 

4-(Trifluoromethoxy)phenyl isoqranate (0.15 g, 0.74 mmol) was slowly added to a 
solution of 21 (0.20 g, 0.73 nunol) m dichloromethane (25 mL) at 0°C. The solution was 
allowed to warm to room temperature and stirred for 18 h. The reaction was then quenched 
with water (20 mL), and tiie organic layer was dried over anhydrous sodium sulfate, filtered 
and concentrated. The organic residue was purified by flash chromatogr^hey on silica gel, 
eluting with dichloromethane/2.0 M ammonia in ethyl alcohol (96:4) to give 22 (0.17 g, 
49%) as a white soHd; CJ4H29F3N4O3: LRMS = 479 (MH+). 

Example 33 

Opiate tissue hitidinp of a comoonnd of t he present invention fBC.«s) 



The opioid (ji) t^omst or antagonist c^abilities of conqraunds described hemn 
woe determined in guinea pig ileum according to Idas procedures outlined by Maguire P et 
al. See Eur. J. Pharmacol 1992. 213, 219. 



Componnd 
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(EC5o,JJM) 
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Incorporation By Reference 

All of the patents and publications cited herein are hereby incorporated by reference. 

Equivalents 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, many equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be encompassed by the following 
claims. 
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1 . A compound represented by general structure A: 
X Rz R 



\ 
R3 



XrqpresentsOorS; 
Y represents O or S; 

R tepresebts indepraidently for each occunence H, alkyl, aiyl, heteroaryl, aralkyl or 
heteroaralliyl; 

Ri represents aOsyl, aryl, heteroaryl, aralkyl or heteroaralkyl; 
Ra represents aflcyl, aiyl, heteroaryl, aralkyl or heteroaralkyl; 

represents H, alkyl, aryl, heteroaryl, aralkyl, heteroaralkyl or acyl; 
n is 1 or 2; and 

the stereochemical configuration at any stereocenter of a compound r^resented by 
A may be R,S, or a mixture of these configurations. 

2. The compound of claim 1, wherein X represents O. 

3. The compound ofclaiml, wherein Y represents O or H,. 

4. The compound of claim 1 , \^1ierein Y represents O. 

5. The compound of claim 1, wherein Y represoits Hj. 

6. The compound of claim 1, wherem R rqnesents independently for each occurrence 
H, alkyl, aralkyl or heteroaralltyL 

7. The compound of claun 1, wherein R, rqiresents aiyl or heteroaryl. 

8. The compound of claim 1, wherein R, represaits alkyl, araO^l or heteroamD^l. 

9. The compound of claim l,wherdnR2iq>resent8alkyL 



wo 01/70684 



PCTAJSOl/06173 



-87- 

10. The compound of claim 1, wherein Rj represents H, alkyl, aralkyl or heteroaralkyl. 

11. The compovmd of claim 1, wherein represents aralkyl. 

12. The compoimd of claim 1, wherein X represents O; and Y represents 0 or Kj. 

13. The compoimd of claim 1, wherein X represents O; and Y represents O. 

14. The conqpoundofclaiml, wherein XrqiresentsO; and YrepresoitsHs. 

15. The conqmimd of claim 1, wherein X repiesents O; Y represents O or Hj; and R, 
rqnresents aiyl orheteroaEyL 

16. The coinpoiindofclaiml, wherein X represents 0;Yrq>reseiitsO or Hj; and R, 
represents alkyl, araDiyl or heteroanilkyL 

17. Tlie C(Hiq)ound of claim 1, wherein Xrq>resentsO;Y rqpresentsO or H,; and Rj 
rqneseats alkyl. 

18. The conqmimdofclaiml, wherein Xrq)resent8 0;Y represents O or H,; and R3 
rqnresents H, alkyl, arallsyl or heteroaralkyl 

19. The compoimd of claim 1, wherein X represents O; Y represents O or H2; and R3 
represents aralkyl. 

20. The compoimd of claim 1, wherein X rqiresents O; Y represents O or K^l Ri 
represents aiyl or heteroaryl; and Rj represents alkyl, aralkyl or heteroaralkyl. 

21 . The compound of claim 1, wherein X represents O; Y represents O or Hj; R, 
represents aiyl or heteroaryl; R, represents alkyl, aralliyl or faeteroarallgrl; and R, 
represents H, alkyl, arall^l or heteroaralkyl. 

22. The compound of claim 1 , wherein said compound is a single enantiomer. 

23 . A compoimd represented by general structure B: 




B 

wherein 

X r^resents O or S; 
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Y represents Hy O or S; 
Z represents H2, 0 or S; 

R represents independently for each occurrence H, alkyl, aryl, heteroaryl, aralkyl or 
heteroaralkyl; 

R, represents siSkyU aryl, het^aryl, aralkyl or heteroaralkyl; 
R2 represents indqpendenfly for each occurrBDce alkyl, aryU heteaooaryU aralkyl or 
heteroaralkyl; 

R, represents H, alkyl, aryl, heteroaryl, aralkyl, heteroaralkyl or acyl; 
R4 represents H, all^l, aiyl, het»x>aiyl, aralkyl or hetetoaraD^l; 
R5 represents independently for each occuirraice H, alkyl, aryl, heteroaryl, aralkyl or 
h^eroarallc/l; 

a vicmal pair of R and Rq may be connected by a covalent bond; 

R3 and R4 may be connected by a covalent bond, or both of them may be bonded to 
an instance of NR, O, or S; and 

the stereochemical configuration at any stereocenter of a conq>ound represented by 
B may be R, S, or a mixture of these configurations. 

24. The compoimdofclaim 23, wherein X represents O. 

25 . The con^und of claim 23, wherein Y represents O or Hj. 

26. The compound of claim 23, wherein Y represents O. 

27. The compoimd of claim 23, wherein Y represents H^. 

28. The compoimd of claim 23, wherein R represents independently for each occurrence 
H, alkyl, aralkyl or heteroaralkyl. 

29. The conq)ound of claim 23, wherein: R, represoits aryl or heteroaiyL 

30. The compoimd of claim 23, whaein R, rq>iesents alk/l, arallQrl or heteroaralkyl. 

31. The campound of claim 23, wherein R, rqncesents alkyl. 

32. Hie compound of claim 23, wherdn R3 represents H, alli^l, arall^l or heteroaralkyl. 

33. The compound of claim 23, wherein R3 rqnesents H, or alkyl. 

34. The conq>oundofclaim 23, wherein X represents O; and YrqtresentsO or H2. 

35. The conipoundofclaim 23, wherein X represents O; and YrepresmtsO. 

36. The com|>ound of claim 23, whoein X rq>resa]ts O; and Y represents H^. 
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37. The compovmd of claim 23, whereiii X represents O; Y represents O or Hj; and Rj 
represents aryl or heteroaryl. 

38. The compound of claim 23, wherein X represents O; Y represents O or Hji and Rj 
represents alkyl, aialkyl or heteroaralkyl. 

39. The compound of claim 23. wherein X represents O; Y represraits O or Ha; and 
represents alkyl. 

40. Thecoiiqpou]idofclajm23,'v^eimXrq)reseatsO; YiepiesentsOorH2;and 
iqtresents H, aO^l, aialkyl or heteroaralkyl. 

41. The compoandofclaim 23, \vfaereinXrqiresent8 0;Y represents O or 
represents H, or alk/L 

42. The compound of claim 23, -wbetem X represents O; Y represents O or B^; Ri 
represents aryl or heteroaryl; and Rj represents alkyl, aralkyl or heteroaralkyl. 

43. The confound of ckdm 23, wherein X represents O; Y rq)resents O or Hj; R, 
represents aiyl or heteroaryl; R, represents alk/l, aralkyl or heteroaralkyl; and R, 
represents H, aDc/l, aralkyl or heteroaralkyl. 

44. The com|>ound of claim 23, wherein X represents O; Y represents O or H^: Z 
represents H2; R represents H; R, represents 3-(trifluoromethyl)phenyl; Rj represents 
/ert-butyl; R3 rqiresents H; R4 represents H; and R5 represents benayl. 

45. The compound of claim 23, wherein said compound is a single enantiomer. 

46. A compound rq>r6sented by general structure C: 
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X represents O or S; 
Y represents Hj, O or S; 
Z represents ELj, O or S; 

R represents independenfiy far easHx occunence H, alkyl, aiyl, hetetoaiyl, aralkyl or 
heteroaralkyl; 

R, represents alkyl, aryl, heteroaryl, aralkyl or heteroaralkyl; 

R3 represents H, aDsyl, aryU heteroaryl, aralkyl, heteroaralkyl or acyl; 

R4 is absent or present 1,2,3 or 4 times; 

R, rqirescDts iiidq>eodentIy for each occurrence alkyl, aiyl, alkenyl, alkynyl, 
heteroaryl, aralkyl, heteroaralkyl, halogen, -N(R)2, foimyl, acyl, -CO3R, -CONRa, -OjCR, 
acylamino, -SR, or -OR; 

nisi or 2; and 

Has stereochemical configuration at any stereocenter of a compound represented by 
C may be iZ, S', or a mixture of tfiese configurations. 

47. The compound of claim 46, wherem X rqnresents O. 

48. The compound of claun 46, wherem Y represents O or Hj. 

49. The conq)oundofclaim 46, wherein Y represents O. 

50. The compound ofclaim 46, wherein YrqjresentsHj. 

5 1 . The compound of claim 46, wherein R represents independently for each occurrence 
H, alkyl, aralkyl or heteroaralkyl. 

52. The compound of claim 46, wherein R, represents aryl or heteroaryl. 

53 . The coiDpoimd of claim 46, wherein R, represents H, alkyl, aralkyl or het^acalkyL 

54. The compound of claim 46, herein R3 rqnesents H, or alkyL 

55. The conqpoimdofclaim 46, wherem Rt is absent 

56. The compound ofdaim 46, wherem XrqiresentsO; and Y represents O or Hj. 

57. The confound of claim 46, vrberem X represents O; and Y rqiresents O. 

58. The compound of claim 46, wherein X represents O; and Y represents 1^. 

59. The compound of claim 46, whaein X represents O; Y represents 0 or Hj; and R, 
represents aryl or heteroaryL 

60. The conq^und of claim 46, whoxin X represents O; Y represents OorHj; and R3 
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represents H, alkyi, aralkyi or heteroaralkyl. 

61 . The compound of claim 46, wherein X represents O; Y rqpresents O or II,; and R, 
represents H, or alkyL 

62. The compound of claim 46, wherein X represents O; Y repiesents O or Hj; and is 
absent. 

63. The compound of claim 46, wherein X represents O; Y represents O or B^; R, 
represoits aiyl or hetearoaiyl; and R3 represents H, alkyl, aralkyi or heteroaralkyl. 

64. The compound ofclaim 46, whareinXrq)resentsO;Y represents 0 or Hj^^i 
represents aiyl or heteroaryl; R, represents H, alkyl, aralkyi or heteroarall^l; and R, 
is absent 

65. The compound of claim 46, wherein said compound is a single enantiomer. 

66. Hie confound rqiresented by gsioal structure D: 



X rqnresents O or S; 
Y represents H„ O or S; 

R represents indq[>endently for each occurrence H, alkyl, aryl, heteroaryl, aralkyi or 



R, rq;)!reseQts alkyl, atyl, heteroaryl, aralkyi or heteroaralkyl; 

R, represeats H, alkyl, aiyl, heteroaryl, aralkyi, heteroaralkyl or acyl; 

R4 is absent or present 1, 2, 3 or 4 times; 

R, represents indq>endently for each occurrence aUcyl, aryl, aJkenyl, alkynyl. 




D 



wherein 



heteroaralkyl; 
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heteroaryl, aralkyl, heteroarallcyl, halogen, -N(R)2, formyl, acyl, -COjR, -CONRj, -OjCR, 
acylamino, -SR, or -OR; 

n is independently for each occurrence 1 or 2; and 

the stereochemical configuration at any stereocenter of a compound represented by 
D may be R, S, or a mixture of these configurations. 

67. The conq)ouml of claim 66, v/hsx&a X represents O. 

68. The conqMimdofclaim 66, 'v^ierdnY represents O or Hj. 

69. The conpomid of claim 66, whoem Y represents O. 

70. The compound ofclaim 66, wherein Y represents H,- 

71. The con^oimdofclaim 66, \^iereinRrq>resentsindq>endently for eadh occurrence 
H, alkyl, aralkyl or heteroaralkyL 

72. The conqraund of claim 66, wherein R, rq>resent8 aiyl or heteroaryl. 

73 . The campound of claim 66, \^erein R3 rqnresents H, alkyl, aralkyl or heteroaralkyl. 

74. The conqioundofclaim 66, wheremR, represents H, or aralkyl. 

75. The compound of claim 66, wherein R4 is absent 

76. The compound of claim 66, wherein X rq)resents O; and Y represents O or Hj. 

77. The compound of claim 66, wherein X represents O; and Y represents O. 

78. The compoimd of claim 66, wherein X represents O; and Y represents Hj. 

79. The compound of claim 66, wherein X represents O; Y represents O or H^; and R, 
repjresents aryl or heteroaryL 

80. The compoimd of claim 66, wherein X represents O; Y represents 0 or ELj; and R3 
represents H, alkyl, araO^l or heteroaralkyl. 

81. The conqwund of claim 66, wherdnXrqiresraitsO;Yr^n-esentsO or Hj; and R3 
rqnresents H, or aralkyl. 

82. The compound of claim 66, wherein X represents O; Y represents 0 or and R, is 
absent 

83. The cotiq[>ound of claim 66, wherein X represents O; Y represents 0 or H,; Ri 
represents aryl or heteroaryl; and R, represents £[, alkyl, aralkyl or hetoDaialkyL 

84. The compound of claim 66, wherein X rqnesents O; Y represaits O or H,; Ri 
represents aryl or heteroaryl; R3 Tcpresmis H, alkyl, aralkyl or heteroaralkyl; and R^ 
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85. The compound of claim 66, whemn said compoimd is a single enantiomer. 

86. A foimulation, comprising a conqraund of claim 1 , 23, 46, or 66; and a 
phaimaceutically acceptable excipient. 

87. The compound of claim 1, 23, 46, or 66, whema said compound has an ICjg value 
less than 10 pM against a mammalian G-protein-coupled receptor, opioid recq>tor, 
or ion channel. 

88. The compound of claim 1, 23, 46, or 66, wherem said confound has an ICjo value 
less than 5 against a mammalian Gh-protein-coupled recqptor, opioid receptor, or 
ion channel. 

89. The compound of claim 1, 23, 46, or 66, whereiii said conq)ound has an IC50 value 
less than 1 pM against a ntiammalian G-protein-coupled receptor, opioid receptor, or 
ion channel. 

90. The compound of claim 1, 23, 46, or 66, wherem said compound has an IC50 value 
less than 10 against a subclass of mammalian opioid receptor. 

9 1 . The compound of claim 1 , 23, 46, or 66, wherein said compound has an IC50 value 
less tiian 5 ^iM against a subclass of mammalian opioid receptor. 

92. The compound of claim 1 , 23, 46, or 66, whsem said compound has an IC50 value 
less than 1 against a subclass of mammalian opioid receptor. 

93. The compound of claim 1, 23, 46, or 66, whereni said compound has an ICjo value 
less than 10 \iM against a mammalian ion channel. 

94. The compoimd of claun 1, 23, 46, or 66, vAuBKm said ccmpoxmd has an IC50 value 
less than 5 fiM against a mammalian ion channel. 

95 . The compound of claim 1 , 23, 46, or 66, wherein said compound has an IC50 value 
less than 1 )xM against a mammalian ion channel. 

96. The compound of claim 1, 23, 46, or 66, wherein said compound has an IC50 value 
less than 10 a^inst a subclass of mammalian opioid receptor and against a 
mammalian ion channel. 

97. The compound of claim 1, 23, 46, or 66, wherem said compound has an ICjo value 
less than 5 pM against a subclass of mammalian opioid recqptor and against a 
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mammalian ion channel. 

The compound of claim 1, 23, 46, or 66, wherein said compound has an IC50 value 
less than 1 pM against a subclass of mammalian opioid receptor and against a 
mammalian ion chaimel. 

A method of tteating pain, drug addiction, or tinnitus in a mammal, comprising the 
step of administoing to a mammal in need thereof a therapeutically effective 
amount of a compound of claim 1, 23, 46, or 66. 

The method of claim 99, wherein said mammal is a primate, equine^ canine or 



101. The me&od of claim 99, wherein said mammal is a human. 

102. Iliemetiiodofclaim 99, wfaerem said compound is administered orally. 

103. The method of claim 99, wherran said compound is admmistered mtravenously. 

104. The method ofclaim 99, wherein said con^Mund is administered sublmgually. 

1 05. The method of claim 99, wherran said compound is administered ocularly. 

106. The mettiod of claim 99, wherdn said compound is administered transdemially. 
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